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  A 2 year cross-sectional study was conducted to evaluate the occurrence of feral and wild 
cats and the risk of Toxoplasma gondii infection in terrestrial wildlife in a natural area in Piatt 
County, Illinois. Cats are the definitive host for T. gondii and are a key component of rural and 
urban transmission of T. gondii to humans, livestock, pets, and wildlife. I selected 4 forest sites 
within the interior of the park and 4 edge sites within 300 m of human buildings. Feline and 
wildlife occurrence in the natural area was determined using scent stations, motion detection 
cameras, and overnight live trapping. Amount of cat habitat use was classified based on 
frequency of cat occurrence. Prevalence of T. gondii antibodies was determined using the 
indirect immunofluorescent antibody test (IFAT) and a positive titer of 1:25. Wildlife species 
were classified as having a large home range (LHR) or a small home range (SHR), based on 
published home range estimates and using a cutoff of 100 hectares.   
  A total of 18 feral cats (16 at building and 2 at forest sites) were trapped with an overall 
seroprevalence of 33%; only one of the T. gondii positive cats was trapped in the forest. Feral 
cats were trapped 8 times more often at building sites (Ratio = 8; P = 0.083), and detected by 
scent stations 3 times more often at building sites compared to forest sites (Ratio = 3.2; P = 
0.010). More LHR mammals were trapped at building versus forest sites (Ratio = 2.9; P < 
0.001), while SHR mammals were trapped at similar abundances at building and forest sites. 
Sites with a higher frequency of cat occurrence, defined as ≥ 9 cat occurrences across three 
detection methods, exhibited a higher T. gondii seroprevalence in SHR mammals (OR=4.2; 
P=0.018), although there was no significant difference when comparing seroprevalence at forest 
versus building sites in SHR or LHR mammals. Toxoplasma gondii antibodies were detected in 
wildlife at all sites and my findings point to the presence of feral cats as the source of 
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environmental contamination. Although environmental contamination with oocysts of the 
parasite was not assessed, SHR mammals are good indicators of localized environmental 
contamination with oocysts at small spatial scales. Due to their greater spatial use and 
omnivorous diet, LHR mammals are good indicators of large spatial scale environmental 
contamination and intermediate host infection in a natural area. Multiple strategies to measure 
cat occurrence are important to evaluate risk for disease transmission compared to using live 
trapping of cats only, as feral cats in my study showed evidence of being trap shy, although they 
were detected in the park by other indirect methods. This study improves my understanding of 
ecological drivers behind spatial variation of T. gondii occurrence within a natural area.  
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1.1. TOXOPLASMA GONDII 
 
Life cycle  
 
Toxoplasma gondii (T. gondii) is a single-celled protozoan parasite of which felids are the 
definitive host (Dubey et al., 1970). It is a member of the phylum Apicomplexa (Roberts and 
Janovy Jr., 2000) and is an intracellular parasite capable of penetrating various host cells 
(Levine, 1973). Toxoplasma gondii has three infectious stages, including sexually produced 
oocysts, rapidly dividing tachyzoites and slow multiplying bradyzoites in tissue cysts (Dubey 
and Beattie, 1988a). Once infected with T. gondii tissue cysts or oocysts, a cat is capable of 
shedding millions of oocysts into the environment (Dubey, 1976; Dubey, 1995) in its feces 
(Hutchison, 1965). Intermediate hosts of the parasite, such as fish (Taghadosi et al., 2009), mice, 
birds, humans, and other warm blooded animals and felid definitive hosts can develop the cyst 
form of the parasite in neural and extraneural tissues (Dubey and Beattie, 1988a; Smith et al., 
1995; Carrasco et al., 2006). Intermediate hosts are unable to fulfill the requirements for the 
parasite to complete the sexual stage of its life cycle, thus they do not shed oocysts. Humans, 
felids and other animals can become infected with T. gondii through ingestion of uncooked or 
undercooked meat contaminated with the cyst form of the parasite or by consuming water, felid 
feces or soil containing oocysts. Life long immunity post infection is presumed, but certain 
factors, such as immunesuppression, may make it possible for an active infection to occur 
(Dubey and Beattie, 1988a). Transplacental transmission occurs in various species as well 
(Dubey, 1983; Dubey and Beattie, 1988a; Miller et al., 2008).  
Cats excrete oocysts 20-24 days post ingestion of oocyst infected cat feces, 3-5 days after 
ingestion of tissue cysts and 7-10 days after ingestion of tachyzoites (Dubey et al., 1970). 
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Sporulation, time to infective stage, of oocysts in cat feces occurs between 2 and 21 days 
(Frenkel et al., 1970) and oocysts persist in the environment for a year or more depending on 
environmental conditions (Frenkel et al., 1975). After initial infection with T. gondii, cats 
develop an immune response to the parasite (Frenkel and Smith, 1982), but various factors can 
impact that immunity such as age, the strain of T. gondii, secondary infections present, the 
nutritional and health status of the cat (Dubey, 1995) and the parasite stage (bradyzoite, 
tachyzoite, or oocyst) causing the infection (Freyre et al., 1993; Dubey, 1995). Cats can lose their 
immunity to T. gondii and re-shed oocysts (Dubey, 1995), especially if secondarily infected with 
Isospora felis (Dubey, 1976). A vaccine containing live bradyzoites of T. gondii was developed 
that prevented cats from shedding oocysts, but due to storage and viability limitations, it has 
limited utility on free-roaming cats under field conditions (Mateus-Pinilla et al., 1999).  
 
Transmission routes  
 
Various T. gondii infection paths exist for felids and intermediate hosts, including vertical 
and horizontal transmission routes. In humans, the vertical route involving congenital 
transmission from mother to fetus is a main concern (Dubey and Beattie, 1988b). If a woman is 
exposed to T. gondii for the first time during pregnancy, complications may result in perinatal 
mortality or birth defects (Dubey and Beattie, 1988b). Toxoplasma gondii infected 
immunocompetent women with previously normal pregnancies can potentially have a fetus with 
congenital T. gondii infection and resultant health complications (Silveira et al., 2003). This 
could result from recrudescence or a new infection from a different strain of Toxoplasma gondii 
(Silveira et al., 2003). Women with apparent immunity to T. gondii may have miscarriages, 
potentially associated with reinfection (Fortier et al., 1991). Similarly, sea otters (Miller et al., 
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2008), deer mice (Dubey, 1983), sheep and other species (Dubey and Beattie, 1988a) have 
exhibited transplacental transmission.  
Horizontal transmission routes include consuming the oocysts of the parasite from 
environmentally contaminated sources (water, soil, vegetation), directly from consumption of 
infected cat feces containing oocysts or consumption of tissue cysts containing bradyzoites 
(Dubey and Beattie, 1988a). Infected meat plays a critical role in T. gondii transmission to 
humans and animals because T. gondii can be present in meat animals such as pigs, chickens, 
sheep, and goats (Dubey et al., 2006; Mainar-Jaime and Barberán, 2007) and game animals like 
bear and white-tailed deer (Briscoe et al., 1993; Dubey et al., 2004). The parasite can be killed 
and meat made safe for consumption when cooked at 150 º F (66 º C), however freezing meat 
does not always kill the organism (Frenkel and Dubey, 1972;Dubey et al., 1990; Lundén and 
Uggla, 1992). Scraps from slaughtered animals left for scavengers may be a source of infection 
for various wildlife species and felids (Riemann et al., 1975; Stewart et al., 1995; Devada et al., 
1998). Although T. gondii prevalence in cats is common, petting/contact with a pet cat is 
unlikely to expose people to T. gondii (Dubey, 1995). Understanding the prevalence of T. gondii 
in meat (food) animals, the environment and how to prevent infection in humans and animals is 
critical to preventing the spread of T. gondii. 
 
Human and wildlife health implications  
 
Most research on Toxoplasma gondii in animals has focused on the epidemiology of the 
parasite within populations of different domestic and wild species. Studies have found felid 
species that potentially act as definitive hosts, such as bobcats (Riemann et al., 1975), American 
free-ranging pumas (Riemann et al., 1975; Kikuchi et al., 2004), the endangered Iberian Lynx 
(Sobrino et al., 2007) and domestic cats (Vollaire et al., 2005) have a high T. gondii 
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seroprevalence (ranging from approximately 20-80%).  Other studies have compared the 
seroprevalence of T. gondii across various groups of species, usually other carnivores sharing 
habitats with felids , 2005; Riemann et al., 1975), small mammals (Dubey, 
1983), other intermediate hosts of the parasite and various livestock animals such as sheep and 
swine (Dubey et al., 1995).  
Herbivorous mammals may become infected through consumption of grasses or other 
vegetation contaminated with oocyst infected cat feces (Stewart et al., 1995 Miller et al., 1972) 
or contaminated water. While some studies suggest little or no natural infection in herbivorous 
and insectivorous wild rodents (Dubey, 1983; Dubey et al., 1995; Smith and Frenkel, 1995; 
DeFeo et al., 2002), others have shown certain rodent species can be experimentally (Dubey, 
1983) and naturally infected with T. gondii (Dabritz et al., 2008). However, there is still a need 
for more studies on the prevalence of T. gondii in naturally infected non-carnivore mammals.  
Non-mammalian species, such as birds, can be infected with T. gondii. Free-ranging 
chickens in India have a high T. gondii prevalence of 39.5% (Devada et al., 1998), which may 
pose a public health concern if these animals are used for human consumption. Encysted T. 
gondii has been reported in various raptor species such as hawks, vultures, eagles and owls in 
Alabama, USA (Lindsay et al., 1993) and pigeons in Portugal (Waap et al., 2008). 
Toxoplasmosis can cause hepatitis in species like the barred owl (Strix varia) (Mikaelian et al., 
1997) and be fatal in bald eagles (Szabo et al., 2004). Toxoplasma gondii was isolated from 
crows, blue jays and American quail, which could be prey items for cats or other carnivores 
(Miller et al., 1972). The Hawaiian ‗Alala (Corvus hazaiiensis), the most endangered corvid in 
the world, has been negatively impacted from natural infection with T. gondii (Work et al., 
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2000). Some of these bird species are of conservation concern and others are an important part of 
the life cycle of T. gondii, as they act as prey items for cats, wildlife and other predatory birds.   
 Different life history and species characteristics have been proposed as potential risk 
factors for T. gondii infection. Species-specific variations, including a certain feeding niche 
(Harrison et al., 2007) and large home range (Stewart et al., 1995), and life history characteristics 
including male sex and older age are suggested as risk factors associated with T. gondii infection 
(Smith et al., 1992; Miller et al., 2002; Kikuchi et al., 2004; Vollaire et al., 2005). However, 
other studies suggest differing relationships between these characteristics and T. gondii infection 
(Sobrino et al., 2007). Due to conflicting information pertaining to certain risk factors associated 
with T. gondii infection, there is a need to continue research in different habitats, species and to 
evaluate different risk factors.  
 In addition to contamination in terrestrial environments, T. gondii is found in aquatic 
environments infecting marine mammals such as sea otters (Miller et al., 2002), seals, sea lions, 
dolphins, beluga whales, manatees (Dubey et al., 2003) and marine-foraging river otters (Gaydos 
et al., 2007). Speculation as to the direct means of infection of marine animals still exists, but 
many studies suggest a relationship between anthropogenic influences like agricultural activity, 
large concentrations of domestic animals and rodent populations (Gaydos et al., 2007) and 
coastal freshwater runoff (Miller et al., 2002). There is need for further research and 
understanding of how human impacts in the environment relate to disease in wildlife, especially 
in aquatic environments.  
Death associated with T. gondii infection has been reported in some wildlife species, 
including southern sea otters (Miller et al., 2002), Korean squirrels (Carrasco et al., 2006), 
Richardson‘s ground squirrel (Dubey, 1983), and American red squirrels (Bangari et al., 2007). 
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Generally T. gondii cysts are found in the brain causing encephalitis and in the heart causing 
myocarditis, which are at least a partial cause of death for the animal (Dubey et al., 1987; Smith 
et al., 1995). Additionally, infection with T. gondii produces behavioral changes in prey species, 
especially mice and rats, making them more exploratory and more likely to encounter and be 
consumed by cats, thus allowing completion of the parasite life cycle (Berdoy et al., 1995; Vyas 
et al., 2007). Toxoplasmosis appears with neurologic and clinical signs similar to rabies in 
squirrels and other wildlife (Carrasco et al., 2006). Behavioral changes, such as head tilting, 
anorexia, vocalization and circling have been reported in a juvenile bobcat (Smith et al., 1995), a 
woodchuck (Bangari et al., 2007) and a captive porcupine (Harrison et al., 2007) infected with T. 
gondii. Death and greater predation due to altered behavioral states associated with T. gondii 
infection are of special concern for conservation of endangered or threatened species.  
The health implications in humans are similar to those found in animals, but the most 
prominent health problems in humans are associated with pregnancy (as mentioned in vertical 
transmission above) and an immunocompromised state. Humans that are immunocompromised 
and become infected with the parasite may experience encephalitis, blindness and death, which 
are especially common in AIDS patients (Dubey and Beattie, 1988b). Most humans with normal 
immune systems are asymptomatic, but there are still reports of fever, weakness and debilitation, 
ophthalmitis, multisystem infections, personality shifts, decreases in intelligence and 
schizophrenia (Yolken et al., 2001; Hill and Dubey, 2002; Flegr et al., 2003; McAllister, 2005). 
Emerging research suggesting the link between T. gondii infection and health complications 




1.2. IMPLICATIONS OF FREE-ROAMING CAT POPULATIONS 
 
Free-roaming cat definitions 
 
―There are an estimated 60 to100 million feral and abandoned cats in the United States‖ 
(Jessup, 2004), but separating free-roaming cats into different classifications is difficult due to 
their varying degree of dependence on humans (Weber and Dailly, 1998). Feral cats produce 
about 80% of the kitten population each year, making them the leading source for overpopulation 
of cats in the United States (Levy and Crawford, 2004). In general, a free-roaming cat is a cat 
that lives part of its life outdoors (Slater, 2004). Definitions for free-roaming cats are based on 
either reliance on humans for food (Schmidt et al., 2007) or on confinement to a yard or house 
(Baker et al., 2008). Still others classify free-roaming cats based on their behavior; for example, 
a feral cat may be one that is evasive and untamed (Levy and Crawford, 2004) or it is a cat that is 
too frightened to be placed in a home as a pet (Slater, 2004). The lines between these variations 
in free-roaming cat groups are indistinct (Levy and Crawford, 2004), presenting a problem for 
implementation of legislative regulations, scientific studies, and public acceptance for control 
strategies.   
Feral cats include those born in the wild and abandoned, lost or stray cats that become 
untrusting of humans (Levy and Crawford, 2004; Slater, 2004; Robertson, 2008). Tame lost cats 
may be adopted and wild-born feral kittens may be adopted if removed from the wild within the 
first eight weeks of life (Levy and Crawford, 2004; Slater, 2004). Other free-roaming cats may 
be purposefully released into an area to aid in control of rodents (Robertson, 2008). With all the 
potential routes by which cats may be introduced into natural areas, there is great need for 




Animal welfare issues  
 
Among many people there is a mentality that ―cats are an extremely plastic species 
capable of adapting to widely variant environments‖ (Stoskopf and Nutter, 2004), but they may 
not be well-equipped for life outdoors like a wild animal. Feral cats have lower survival rates 
compared to semi-feral and owned cats, with mortality factors in unowned cats mostly related to 
vehicle collisions, gunshots, dog attacks and euthanasia by animal control (Schmidt et al., 2007). 
The average life span of feral cats is about 2 years (Jessup, 2004) and survival past 3-5 years is 
uncommon (Warner, 1985), compared to an average life span of 10 years for owned cats (Jessup, 
2004). Semi-feral and feral kitten survival from birth to at least 12 weeks of age is relatively low 
(Schmidt et al., 2007) and even in well maintained cat colonies, kitten mortality before 6 months 
is 75% (Stoskopf and Nutter, 2004).  
Other risks associated with free-roaming cats include disease and predation by wildlife. 
Diseases commonly spread within cat populations and between cats and wildlife includes: feline 
leukemia, feline immunodeficiency virus (FIV), and other parasites such as ear mites and fleas 
(Jessup, 2004; Slater, 2004; Robertson, 2008). Studies have found a higher prevalence of T. 
gondii, other parasites and viruses in feral cats compared to pet cats (Dubey et al., 2002; Nutter 
et al., 2004). Risk of predation on cats by other wildlife is a potential problem for feral cat 
survival and while many cat owners may be aware of this danger, few of them restrict their cats 
due to this threat (Kays and DeWan, 2004).  
Different control methods proposed for management of feral cats include trapping and 
euthanizing cats, hunting (allowing recreational harvest of feral cats), and trap-neuter-release 
(TNR) programs (Levy and Crawford, 2004; Schmidt et al., 2007; Schmidt et al., 2009). The aim 
in a euthanasia program is to increase mortality above normally occurring natural limits and in 
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TNR the aim is to decrease fecundity (Schmidt et al., 2009). Supporters of TNR suggest that re-
released cats will prevent immigration of new cats into the area, but little evidence supports this 
idea (Winter, 2004; Schmidt et al., 2009). Unfortunately, TNR can act as an enabler for people to 
abandon more cats in areas where programs are being implemented (Jessup, 2004; Levy and 
Crawford, 2004; Winter, 2004). Due to the close association of free-roaming cats with humans, 
there is difficulty in implementing some control methods (Baker et al., 2008), especially 
euthanasia, due to public perception and the risk of killing owned unmarked cats.  
Contradictory evidence exists as to the effectiveness of these feral cat control strategies. 
Over time, TNR programs can successfully decrease feral cat populations potentially to 
extinction (Stoskopf and Nutter, 2004). With a closed population, euthanasia and TNR have 
similar effectiveness, but when immigration occurs, there is potential that euthanasia is a better 
method than TNR (Schmidt et al., 2009). Some community-wide programs involving cat-only 
shelters, public education and low-cost sterilization clinics have been effective at decreasing cat 
populations (Slater, 2004). A potential alternative recently developed that may benefit wildlife 
and cat welfare is the creation of enclosed sanctuaries, where cats are protected from the 
environment as well as prevented from roaming free (Jessup, 2004; Levy and Crawford, 2004; 
Slater, 2004), however this is the most expensive alternative and TNR appears to be more 
successful and cost effective (Levy and Crawford, 2004) in certain circumstances. Each colony 
should be studied individually as great variability may exist (Stoskopf and Nutter, 2004) and 
public response to each control strategy may vary.  
 
Public health and nuisance concerns 
 
While some cats are companion animals viewed as members of the family, other people 
view cats as a nuisance species (Slater, 2004; Robertson, 2008), even when maintained in a 
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colony (Jessup, 2004). Likewise, allowing feral cat colonies to exist in public areas poses a 
potential health risk for people to become infected with T. gondii (Jessup, 2004). In three 
communities in California, outdoor fecal deposition by owned free-roaming cats was estimated 
at 76.4 tons per year, and an additional 29.5 tons per year by feral cats (Dabritz et al., 2006). 
With all this environmental contamination, diseases and parasites present in cat feces become a 
concern in human health as well (Jessup, 2004). Another disease of public health concern among 
feral and free-roaming cats is rabies (Levy and Crawford, 2004), as most cat bites occur from 
provoked stray cats (Patrick and O'Rourke, 1998; Slater, 2004) and rabies cases associated with 
cats are on the rise (Blanton et al., 2009). Although no human rabies cases have been linked to 
cats recently in the United States, cats are still the most common domestic animal infected with 
rabies since the 1990s, potentially due to less consistent vaccination regimens and less stringent 
regulations on confinement to owner property for cats (Moore et al., 2000; Slater, 2004). Other 
zoonotic diseases that may be associated with cats include typhus like diseases (Rickettsia felis 
and typhi), Rocky Mountain spotted fever (R. rickettsii) and Q fever (C. burnetti) which are 
transmitted by the cat flea and parasites such as Giardia, Cryptosporidium and Toxocara cati 
(Robertson, 2008). Free-roaming cats and their potential spread of diseases present a human and 
wildlife health risk, thus more research is needed to evaluate the best cat control strategy to 
decrease the spread of disease. 
 
Impacts of feral cats on wildlife  
 
Feral mammals, like other invasive species, are often well-adapted to fragmented habitats 
and may rise to top predator in these areas, making them critical factors to consider in the 
conservation of endangered fauna , 2005). Free-roaming cats utilize a 
variety of habitats including farm perimeters, roadsides (Warner, 1985), forest nature preserves, 
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forest edge, and forest habitat fragments (Kays and DeWan, 2004), which suggests that wildlife 
using these areas are more likely to be directly impacted by cats. Ownership status of free-
roaming cats plays a role in their home range size and their habitat use, with feral cats having 
larger home ranges and using natural areas more than semi-feral and owned cats (Kays and 
DeWan, 2004; Schmidt et al., 2007). Free-roaming cats tend to utilize areas in close proximity to 
available shelter and food (Calhoon and Haspel, 1989; Weber and Dailly, 1998), however they 
will expand their habitat use to hunt for prey (Weber and Dailly, 1998). Smaller home ranges 
associated with owned cats imply that larger populations of cats may occur in residential areas, 
presenting a problem for wildlife, especially those in urban areas. 
Estimating the occurrence and abundance of feral and free ranging cats is important 
because they compete with other predators for food and appear to deplete populations of birds 
and other prey species (Weber and Dailly, 1998; Crooks and Soule, 1999). In some areas, cat 
densities exceed densities of other urban carnivores (Baker et al., 2008), likely due to cat 
dependence on food from humans. In somewhat isolated areas, naïve prey species may be more 
susceptible to predation and populations drastically decreased due to the impact of feral cats 
(Keitt et al., 2002). Although, in some scenarios, such as in urban settings, cat predation may 
have more impact on common non-native invasive species than on endangered rare species 
(Robertson, 2008).  
Even cat colonies where adequate food is provided pose a potential risk for native 
wildlife due to the natural instinct of cats to hunt (Adamec, 1976; Weber and Dailly, 1998; 
Jessup, 2004). Cat-related injuries among wildlife are common (Jessup, 2004) and cat populated 
areas may act as a sink for bird species, leading to bird population decreases (Baker et al., 2008). 
Cat diet may vary from prey items to household food depending on location and season (Weber 
12 
and Dailly, 1998; Kays and DeWan, 2004). Furthermore, cats are opportunistic predators that 
will eat any available resources including carrion and garbage (Jessup, 2004; Slater, 2004). 
Understanding the diet of feral cats is important to aid in the conservation of wildlife species and 
it is essential for people to understand the impact hunting by cats may have on wildlife.  
 
Disease transmission  
 
Free-roaming cats of any sort (feral, semi-feral, or owned) have the potential to spread 
diseases and parasites to other cats, humans and wildlife such as feline leukemia virus (FeLV) 
(Jessup et al., 1993), feline immunodeficiency virus (FIV), fleas, ear mites, tapeworms and 
various other parasites (Levy and Crawford, 2004). Some studies have found a higher prevalence 
of certain diseases in feral mammals compared to wild mammals, which implies that feral 
mammals act as disease reservoirs in the environment , 2005). The spillover 
of domestic animal diseases to wildlife and even from domestic animals to humans is important 
for both public health and wildlife conservation.  
Toxoplasmosis is one disease that has been found in many wildlife species and infection 
in wildlife is often associated with urban areas containing free-roaming cats. Sea otters (Miller et 
al., 2002), other marine mammals (Dubey et al., 2003), river otters (Tocidlowski et al., 1997; 
Gaydos et al., 2007), woodchucks (Lehrer et al., 2010) and other terrestrial species may be 
negatively impacted by infection with T. gondii in areas of high human density because of 
increased feral and domestic cat populations associated with these areas (Gaydos et al., 2007). 
Additionally, various carnivore , 2005; Sobrino et 
al., 2007) and herbivore species have been found to be positive for T. gondii antibodies (Dubey, 
1983; Smith and Frenkel, 1995; Stewart et al., 1995). The wildlife-domestic animal and pathogen 
interactions highlight research priorities that could benefit both feral cats and wildlife.  
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1.3. FIELD DETECTION METHODS  
 
Accurate animal detection methods are vital to successful implementation of conservation 
programs, but many mammalian carnivore target species are elusive, rare and nocturnal, thus 
direct detection methods (live-trapping and direct counts) are impractical (Barea-Azcón et al., 
2007). Indirect detection methods involve detection and counting of different signs of animals 
such as droppings, breeding refuges, dens, tracks at scent stations (Sadlier et al., 2004) or 
pictures with field motion activated cameras. Some species require detection over a large spatial 
scale, thus creating cost effective accurate estimates of animal populations difficult (Barea-
Azcón et al., 2007). Indirect methods are more useful and effective across a wider range of 
species compared to direct counts of animals (Silveira et al., 2003), are cost effective, can be 
used in a variety of habitats, are often easy to implement, and require minimal training (Sadlier et 
al., 2004). However, multiple detection methods may be required to obtain accurate abundance 
estimates (Barea-Azcón et al., 2007).  
 
Scent stations  
 
Field signs (scats, footprints and dens) are classically used to determine the presence of 
carnivore species and to estimate their abundance (Barea-Azcón et al., 2007). A common indirect 
detection method that utilizes field signs is scent stations, where bait and lures are used as 
attractants to a track or scent station where animal footprints are evaluated (Belant, 2003). Scent 
stations have a variety of uses, including detection of declines in carnivore populations (Zielinski 
and Stauffer, 1996) and to evaluate cat occurrence in and around nature preserves (Kays and 
DeWan, 2004). Also, scent stations have been used to estimate abundance of various forest 
carnivores (Conner et al., 1983) and rare species (Barea-Azcón et al., 2007). However, scent 
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stations should only be used to identify trends in animal populations and as a supplemental tool 
in conjunction with other population estimates (Sargeant et al., 1998).  
Various mediums have been used to create scent stations including carbon soot, chalk 
dissolved in isopropyl alcohol, an ethanol lampblack combination, talcum powder on paper, and 
moistened sand (Conner et al., 1983; Howard et al., 2002; Belant, 2003). Use of these artificial 
substrates favors implementation of scent stations in a variety of habitats when environmental 
conditions are suitable (Sadlier et al., 2004). For example, talcum powder was found to be 
adversely affected by rain and was not recommended as a medium for tracking forest carnivores 
(Belant, 2003). The medium utilized in scent stations is important because environmental 
conditions may limit their usefulness, furthermore the medium needs to be safe to handle under 
field conditions.  
The attractant used at scent stations is important, as familiar odors (Allen et al., 1996) and 
ones related to motivational factors (hunger and sexual interest) may be most effective at luring 
animals to the station (Sargeant et al., 1998). Various attractants and lures at scent stations have 
been tested, including chicken wings, feces, Fatty Acid Scent (FAS) disks, catnip, matatabi oil, 
urine, and others (Conner et al., 1983; Clapperton et al., 1994; Howard et al., 2002; Belant, 
2003).  For both penned felids and semi-feral cats in the field near a refuse dump, fresh catnip 
and matatabi oil were the best at attracting cats compared to urine and other commercial lures 
(Clapperton et al., 1994). The Fatty Acid Scent (FAS) disk appears to elicit behavioral responses 
similar to those associated with hunger and sex drive in mammalian carnivores (Howard et al., 
2002), thus FAS is a useful lure due to the motivational factors associated with it. Although fresh 
meat has been used as an attractant, the stations need to be checked frequently and effective 
transportation and refrigeration are required to avoid spoiling (Allen et al., 1996).  Designing a 
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successful study around the use of scent stations requires thorough knowledge of what would be 
attractive to the species of interest.  
Certain limitations may exist in the usefulness of scent stations based on experimental 
design differences. One potential limitation is scent station presentation and the strength of the 
odor attractant used (Roughton and Sweeny, 1982). Furthermore, a single animal could visit 
consecutive stations or visit the same scent station more than once (Roughton and Sweeny, 1982; 
Sargeant et al., 1998; Stanley and Royle, 2005). To resolve the issue of counting one animal 
multiple times, it has been suggested that mobility of the target species be used to determine 
proper spacing of stations (Roughton and Sweeny, 1982; Stanley and Royle, 2005), animals be 
toe clipped for individual identification (Smith et al., 1994) and line transects of stations be used 
as a sampling unit (Sargeant et al., 1998; Sadlier et al., 2004).  
Scent stations, although highly effective at species detection, may be less cost effective 
compared to sign surveys (Barea-Azcón et al., 2007) when yearlong surveys are needed and 
more stations are required to get accurate estimates. In addition, detailed training in track 
identification improves accuracy in population estimates (Barea-Azcón et al., 2007), which could 
add to the cost of this method (Sadlier et al., 2004). Scent stations and sign surveys to detect scat 
were the most efficient and economical methods in carnivore detection resulting in higher 
species detection rates (species richness) compared to live-trapping and camera trapping (Barea-
Azcón et al., 2007). Additionally, for animals difficult to detect based on scat evidence, scent 
stations may present a useful alternative (Barea-Azcón et al., 2007). Scent stations have been 
successfully used in estimating the abundance of certain species, but have limited use in other 
forest species such as the opossum when compared to abundance estimates based on trapping, 
radioisotope tagging and radiotelemetry (Conner et al., 1983). Therefore, it is essential to 
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evaluate the abundance of the target species using a detection method that will accurately detect 
the species and utilization of more than one detection method may be necessary.  
 
Motion detection cameras 
 
 Motion activated cameras have been used to assess species richness, abundance and 
habitat use (Silveira et al., 2003; Barea-Azcón et al., 2007). The usefulness of this method is 
often limited to estimating animal densities for species with individually identifiable markings 
(Rowcliffe et al., 2008) such as pumas (Kelly et al., 2008), tigers (Karanth, 1995; Karanth and 
Nichols, 1998; Wegge et al., 2004) and white-tailed deer using unique antler structure (Jacobson 
et al., 1997). To estimate populations of species without unique physical characteristics such as 
doe white-tailed deer, coyotes and bears, live capture and radio-collaring of animals (Jacobson et 
al., 1997; Séquin et al., 2003) or using unique ear tags (Mace et al., 1994) is required. There are a 
wide array of applications for motion detection cameras in population studies, thus it is a useful 
method for detection of feral cats in my study area as they will be uniquely identifiable.  
Camera pictures provide a clear unambiguous identification of a species (Silveira et al., 
2003; Vine et al., 2009), may be most effective at detecting rare and cryptic species, can be used 
across seasons (Vine et al., 2009) and may be better at detecting large carnivores in thick 
vegetation (Mace et al., 1994). However, there are limitations associated with this detection 
method such as one individual being counted more than once (Silveira et al., 2003). Suggested 
strategies to control for this limitation are to have high camera densities (Jacobson et al., 1997), 
adding a long delay time to the camera (Rowcliffe et al., 2008) and using cameras across an area 
that covers at least 4 times the home range of the target species (Kelly et al., 2008). Other factors 
that may impact the successful implementation of this method for accurate population estimates 
are camera placement, human interference (Karanth and Nichols, 1998), camera shyness (Séquin 
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et al., 2003; Wegge et al., 2004; Rowcliffe et al., 2008), and life history characteristics of the 
target species, such as sex (Jacobson et al., 1997), age (Karanth, 1995; Karanth and Nichols, 
1998) and social status in territorial species (Séquin et al., 2003). Understanding the ecology of 
the target species and equipment or study design limitations will make for a better estimate of the 
target species population and more accurate detection of the animal.  
Compared to other indirect detection methods for carnivores, cameras appear to be 
relatively cost effective and overall are beneficial in estimating populations of certain species. 
Higher initial costs associated with using cameras to estimate animal abundance (Barea-Azcón et 
al., 2007) are outweighed by the usefulness of the method in a wider array of environmental 
conditions compared to track surveys or other methods requiring animal sign (Silveira et al., 
2003). However, there may be certain restrictions such as lower detection rates compared to 
scent stations and sign surveys, but similar detection rates compared to live trapping (Barea-
Azcón et al., 2007). Each study should determine the most cost effective and accurate indirect 
detection method for use on their target species.  
 
Live trapping  
 
Live trapping is a direct detection method useful in estimating animal abundances in 
some scenarios and species (Barea-Azcón et al., 2007), where animals are trapped, marked and 
then recaptured at a later date. Often these capture-mark-recapture methods are used in 
conjunction with radio-tracking and are the standard for which indirect estimates are compared 
(Sadlier et al., 2004). Additionally, trapping records from fur trappers may be useful in 
understanding population trends across history for forest carnivores (McDonald and Harris, 
1999). Depending on the nature of the study and available resources, live trapping may provide a 
highly accurate population estimate for certain species. 
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Limitations and disadvantages associated with the use of live-trapping include cost 
(Barea-Azcón et al., 2007), trapping effort required especially at low densities of target species 
(Baghli and Verhagen, 2003), trapping license requirements in the state or country (Sadlier et al., 
2004), trap shyness, dominance hierarchies in some territorial species, seasonal variation in 
animal habitat use and age (Baker et al., 2001). Additionally, live trapping has lower detection 
rates compared to scent stations and sign surveys but a higher detection rate compared to camera 
traps (Barea-Azcón et al., 2007). Some species like foxes and badgers exhibit low capture 
success, thus indirect detection methods may be more effective both in cost and data gained 
(Sadlier et al., 2004). Based on the above information, my study will implement all three 
detection methods to detect feral cats in my study site, allowing us to evaluate feral cat 
occurrence throughout the park.  
 
1.4. SEROLOGIC TECHNIQUES TO DETECT TOXOPLASMA GONDII ANTIBODIES 
 
Sabin-Feldman Dye Test 
 
Seroprevalence studies in Toxoplasma gondii have used multiple tests to detect T. gondii 
antibodies in serum. The Sabin-Feldman dye test is considered the most specific test and gold 
standard for detecting T. gondii antibodies in humans (Dubey and Beattie, 1988a; Shaapan et al., 
2008).  The test uses live tachyzoites accompanied by an accessory factor and involves an 
incubation period with methylene blue dye (Dubey and Beattie, 1988a; Özkan et al., 2008). The 
methylene blue dye is used to detect T. gondii antibodies in serum. The cytoplasm of the 
tachyzoites leaks out if the targeted antibody is present, which prevents tachyzoites from being 
stained, thus, a positive titer is recorded when 50% of the tachyzoites remain unstained (Dubey 
and Beattie, 1988a; Özkan et al., 2008). In some non-human species false positive results may 
occur (Dubey and Beattie, 1988a). Unfortunately, the test itself is technically difficult and the 
19 
use of live tachyzoites makes it a potentially hazardous test to conduct (Dubey and Beattie, 
1988a). Also, the dye test is an expensive test (Dubey and Beattie, 1988a), thus there are other 
serologic tests that can be used instead. 
 
Modified Agglutination Test (MAT) 
 
The modified agglutination test (MAT) is used in humans and multiple species and 
involves the use of a T. gondii antigen, serum and a buffer containing 2-mercaptoethanol, which 
aids in increasing the sensitivity of the test (Desmonts and Remington, 1980). Microplates are 
read on a black background to look for patterns at the bottom of the well (Desmonts and 
Remington, 1980). When 50% of the well is covered by the agglutination mat, the sample is 
considered positive (Seefeldt et al., 1989). When used to detect T. gondii antibodies in sheep 
sera, the MAT had the highest sensitivity (96%) and second highest specificity (88.9%) 
compared to the ELISA and IFAT (Shaapan et al., 2008). In naturally exposed sows, MAT has a 
sensitivity of 83.9% and a specificity of 90.29%, which was higher than the ELISA, but the 
specificity was lower than the LAT (Dubey et al., 1995). However, other studies have found no 
significant difference in results between MAT, ELISA and IFAT (Seefeldt et al., 1989). 
The MAT is a simple, easy to perform test that does not require sophisticated equipment, 
commercial kits are available and is preferred over IFAT and ELISA for use in detection of T. 
gondii as it requires less time and labor (Desmonts and Remington, 1980; Seefeldt et al., 1989; 
Shaapan et al., 2008). It can be used in a variety of species without specific modifications and 
may be useful on autolyzed serum samples (Seefeldt et al., 1989). However, MAT only detects 
IgG antibodies against T. gondii due to the use of mercaptoethanol which destroys the IgM 
antibodies (Seefeldt et al., 1989; Dubey, 1997) and the subjective nature of interpreting the 
results makes it important to screen samples at multiple dilutions to avoid false negative results 
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(Seefeldt et al., 1989). Nonetheless, it appears that the advantages of using the MAT to detect T. 
gondii antibodies may outweigh the disadvantages depending on the circumstances and goals of 
the study. 
 
Latex Agglutination Test (LAT) 
 
Although less frequently used, the latex agglutination test (LAT) utilizes a soluble 
antigen coated with latex particles (Dubey and Beattie, 1988a). Upon addition of serum, a pattern 
of agglutination can be observed against a black surface which indicates that the serum sample is 
positive for T. gondii antibodies (Dubey and Beattie, 1988a; Gray et al., 1990). The LAT 
demonstrates a sensitivity of 94% and a specificity of 97% in organ donors and heart transplant 
recipients (Gray et al., 1990). However, in naturally exposed sows, the LAT produced a 
sensitivity of 45.9% and a specificity of 96.9% (Dubey et al., 1995). Commercially available 
LAT kits are available, easy to use, do not require specialized equipment or training (Dubey and 
Beattie, 1988a) and are quick to run (Gray et al., 1990). However, these commercial tests can 
produce false-positive and false-negative results (Gray et al., 1990).  
 
Enzyme-Linked Immunosorbent Assay (ELISA) 
 
The enzyme-linked immunosorbent assay (ELISA) involves the use of a soluble antigen 
and an enzyme-liked antibody-antigen that enhances the antigen-antibody reaction (Dubey and 
Beattie, 1988a). The resulting color variation is evaluated to determine the presence of T. gondii 
antibodies (Dubey and Beattie, 1988a). In sheep sera, the ELISA has a sensitivity of 90.1% and 
95.9% specificity, which was higher than the IFAT, but lower than the MAT (Shaapan et al., 
2008). However, in naturally infected sheep, the ELISA and MAT showed agreement (Mainar-
Jaime and Barberán, 2007). In naturally exposed sows, ELISA had a sensitivity of 72.9% and a 
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specificity of 85.9% (Dubey et al., 1995). Thus, this serologic test provides comparable results to 
other serologic tests in detecting T. gondii antibodies, but results may be somewhat dependent on 
the species samples tested.  
An advantage of the ELISA is the potential to obtain objective quantitative results by 
determining the optical density of the serum sample and classifying the results as positive or 
negative in relation to the optical density of controls (Seefeldt et al., 1989). Also, it is a cost 
effective test that can be automated to run a large number of samples in a short amount of time 
(Dubey and Beattie, 1988a; Mainar-Jaime and Barberán, 2007; Shaapan et al., 2008). In addition, 
this test can be used to detect both IgG and IgM antibodies for T. gondii (Seefeldt et al., 1989).  
Unfortunately, a disadvantage of the ELISA is the requirement of standardization of the 
antigens (Shaapan et al., 2008). Additionally, the need of a photometer to evaluate the results 
might increase costs (Seefeldt et al., 1989) and without a photometer a reader must quantify the 
colors used to determine positives or negatives (Dubey and Beattie, 1988a), which could lead to 
variability in results between readers. Also, compared to the MAT and IFAT it requires more 
time and effort (Seefeldt et al., 1989). Furthermore, the ELISA performs poorly in detecting T. 
gondii antibodies in cats co-infected with feline immunodeficiency virus and T. gondii (Dabritz 
et al., 2007).  
 
Indirect Immunofluorescent Antibody Test (IFAT)  
 
 The indirect immunofluorescent antibody test (IFAT) involves the use of slides prepared 
with killed tachyzoites. Slides are prepared by cell culture of T. gondii tachyzoites, processing 
the cells through a serious of washes and centrifugations, then resuspension of the cells in saline 
to a desired concentration then adding the cells to multiwell IFAT slides (Miller et al., 2001; 
Özkan et al., 2008). The actual IFAT process involves incubating serum on the prepared slide, 
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adding a species specific fluorescent-labeled antibody and finally viewing the results under a 
fluorescent microscope (Dubey and Beattie, 1988a; Seefeldt et al., 1989). In cats, IFAT has a 
sensitivity of 81-85% and a specificity of 93.8-100% (Dabritz et al., 2007; Özkan et al., 2008). 
When used on sheep sera, the IFAT exhibited a lower sensitivity (80.4%) compared to the MAT 
and ELISA, but the highest specificity (91.4%) (Shaapan et al., 2008). Additionally, IFAT has 
been a useful tool in diagnosis of T. gondii in sea otters with a sensitivity of 96.4% and 
specificity of 67.3% (Miller et al., 2002). The IFAT has been widely used across species with an 
overall high specificity and sensitivity.   
A major advantage of IFAT is that the tachyzoites are killed; therefore it is a safe and 
easy test to perform while still providing reliable results (Özkan et al., 2008). It is not impacted 
by hemolysis (Miller et al., 2002), allows for screening of both IgG and IgM antibodies in serum 
and can be performed using only one dilution while still obtaining accurate results (Seefeldt et 
al., 1989). However, IFAT may be slightly more complicated to run compared to other serologic 
tests (Dubey and Beattie, 1988a; Shaapan et al., 2008). Additionally, it requires the use of 
fluorescent labeled conjugates specific to each species tested and specialized equipment 
(fluorescent microscope) (Dubey and Beattie, 1988a; Shaapan et al., 2008). Furthermore, this 
serologic test does not perform well in cats that are co-infected with feline immunodeficiency 
virus and T. gondii (Dabritz et al., 2007) and at low dilutions, the results may be more difficult to 
interpret due to background fluorescence (Dabritz et al., 2007). The interpretation of the results 
is subjective (Seefeldt et al., 1989) however, by using only one reader this error is decreased 
(Miller et al., 2002). For my study, I utilized the IFAT to detect T. gondii antibodies in serum 
samples of wildlife due to the safety of the test, simplicity and ability to be used in a variety of 
species. 
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1.5. OBJECTIVES AND IMPLICATIONS OF THE CURRENT STUDY  
 
With the large number of feral cats in the environment, an overlap in habitat use of feral 
cats and wildlife is likely to occur. Feral cats are one potential definitive host for the parasite 
Toxoplasma gondii (T. gondii). Wildlife can be exposed to T. gondii oocysts from environmental 
contamination or tissue cysts via consumption of infected intermediate hosts. Proximity to 
buildings is expected to be correlated to a larger number of feral cats, thus, wildlife using natural 
habitats with a high frequency of cat occurrence are expected to be at a greater risk of T. gondii 
infection than wildlife in areas with a lower frequency of cat occurrence. Studies evaluating the 
relationship between prevalence of T. gondii in wildlife and frequency of cat occurrence within a 
terrestrial natural area are scarce. 
Direct (overnight live trapping) and indirect (scent stations and motion detection 
cameras) detection methods will be utilized in this study to evaluate wild (bobcat) and feral cat 
occurrence in a natural area. Medium and small mammal occurrence throughout the study site 
will be evaluated using overnight live trapping. With this information, wildlife and feral cat 
habitat overlap will be evaluated to determine how animals are distributed in the natural area. 
Prevalence of T. gondii antibodies in wildlife will be evaluated using an indirect 
immunofluorescent antibody test (IFAT) and will be used as an indicator of the impact of feral 
cats on wildlife in a natural area. Also, T. gondii seroprevalence in wildlife will be related to: 
frequency of feral cat occurrence, T. gondii infection-status of feral cats, and association with 
building or forest sites. Other factors to be evaluated in relation to T. gondii prevalence in 
wildlife are age, sex and home range size. Previous work on zoonotic parasites, specifically T. 
gondii has focused on understanding the epidemiology of T. gondii within certain domestic and 
wild species but it has not addressed the concept of frequency of feral cat occurrence as an 
24 
indicator of parasite prevalence in wildlife in natural terrestrial environments. Evaluating T. 
gondii seroprevalence in wildlife in relation to differences in the frequency of cat habitat use 
within a natural area can guide strategies for limiting the risk for human and wildlife exposure to 
T. gondii. Overall, this project will give further insight into how prevalent Toxoplasma gondii is 
in a variety of mammal species in a natural area, it will present measures of the frequency of 
feral cat habitat use as a risk factor for disease transmission and indicate how prevalent both feral 
and wild cats are in this particular natural environment. 
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PREVALENCE OF TOXOPLASMA GONDII IN TERRESTRIAL WILDLIFE IN A 




 Feral cats utilize a variety of habitats, including natural areas on the edge of suburban 
communities (Schmidt et al., 2007), national parks (Clifford et al., 2006; Roelke et al., 2008), 
nature preserves (Rouys and Theuerkauf, 2003), small forest patches, forest edges (Kays and 
DeWan, 2004) farms, edge habitats, and roadsides (Warner, 1985). Some cat owners allow their 
cats to roam free (Coleman and Temple, 1993), which may lead to negative impacts on humans 
(Ruiz et al., 1973), wildlife (Lepczyk et al. , 2005), and the ecosystem 
(Robertson, 2008). Domestic cats benefit from some dependent interaction with humans such as 
shelter and food supplies (Weber and Dailly, 1998) but, despite supplemental feeding, free-
roaming cats are opportunistic hunters and will consume available garbage, cat food, carrion and 
various prey species (Jessup, 2004; Slater, 2004). 
  The negative impacts of domestic cats (owned, semi-feral or feral) on bird populations 
and rare species in natural areas (Lepczyk et al., 2004) are compounded by their ability to spread 
diseases (Levy and Crawford, 2004). Feral cats have a higher prevalence of infection with some 
parasites and viruses compared to pet cats (Nutter et al., 2004) and can serve as definitive hosts 
for Toxoplasma gondii (T. gondii) a parasite that reproduces sexually exclusively in felids 
(Dubey et al., 1970; Dubey and Beattie, 1988).  
  Toxoplasma gondii infected felids shed parasite oocysts in their feces, contaminating 
water, soil, and the environment (Dubey and Beattie, 1988). Infection in felids and intermediate 
hosts, such as humans, is acquired by ingestion of uncooked or undercooked meat or carcasses 
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contaminated with T. gondii cysts or by consuming feed, water or soil, contaminated with felid 
feces containing T. gondii oocysts. A vaccine capable of preventing cats from shedding T. gondii 
oocysts showed limited applications under field conditions on free ranging cat populations 
(Mateus-Pinilla et al., 1999).  To date there are no successful vaccines or vaccination strategies 
to prevent free ranging cats from shedding T. gondii oocysts.  
  Toxoplasmosis in humans has been associated with consumption and handling of raw or 
undercooked meat, especially pork, causing birth defects, encephalitis, blindness, fever, 
weakness, ophthalmitis, multisystem infections, death, personality shifts, decreased intelligence, 
and schizophrenia (Yolken et al., 2001; Hill and Dubey, 2002; Flegr et al 2003; McAllister, 
2005). Game species including bears and white-tailed deer show a high prevalence of T. gondii, 
82.5% and 46.5% respectively (Dubey et al., 2004), and may represent a health concern for 
hunters and people consuming and handling this meat (Ross et al., 2001). 
  Toxoplasma gondii can modify the behavior of infected animals (Berdoy et al., 1995) and 
can infect most warm-blooded animals including wild mammals, swine, sheep, rodents and birds 
(Dubey et al., 1995; Miller et al., 2002; Dabritz et al., 2008). The parasite has significant effects 
on ecosystem health (Massie et al., 2010) and has been identified as a cause of death in several 
marine mammals including the threatened California sea otter (Enhydra lutris) (Miller et al., 
2002) and in terrestrial wildlife including wombats, koalas (Canfield, et al., 1990), bobcats 
(Dubey et al., 1987), woodchucks and squirrels (Bangari et al., 2007). Although T. gondii is 
unable to sexually reproduce in non-felids (intermediate hosts), asexual stages in their infected 
tissues serve as a source of parasite transmission (Miller et al., 1972) to other animals by 
carnivorism, which helps maintain enzootic T. gondii in the food chain (Chomel et al., 1995; 
Dubey et al., 1999; Roelke et al., 2008).  Toxoplasma gondii infection is common, ranging from 
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2.1% in herbivorous house mice, to 67% in carnivorous raccoons and 22.7% in omnivorous 
opossums (Dubey et al., 1995).   
  Various feral cat control strategies have been suggested and implemented, but even well 
intentioned programs are a source of debate over the most humane and effective method and can 
be deterred by anthropogenic interventions. Unfortunately, trap-neuter-release (TNR) programs 
or trapping and adoption of cats could encourage people to abandon more cats at the site where 
control strategies are being implemented (Jessup, 2004; Levy and Crawford, 2004), resulting in 
an increase instead of a decrease in cat populations and reduced effectiveness of the control and 
management strategies.  
  In a fragmented habitat, where few pristine natural areas exist, evaluating and 
maintaining the health of the ecosystem and its terrestrial wildlife remains a priority for 
conservation biology. Additionally, Toxoplasma gondii has a negative health effect on native 
fauna. Therefore, the main objective of the present study was to evaluate the occurrence of wild 
(bobcats) and feral cats in a natural area and to evaluate T. gondii prevalence in terrestrial 
wildlife in relation to the frequency of feral cat occurrence, home range and proximity to human 
buildings.  
 
2.2. MATERIALS AND METHODS 
Study area and site selection  
  I conducted a cross-sectional study of the seroprevalence of T. gondii in wildlife in the 
Robert Allerton Park (RAP) natural area, located along 4km of the Sangamon River and 7 km 
south west of the city of Monticello, in Piatt County, Illinois, USA (39° 59‘ 37.23‖ N, 88° 39‘ 
5.1402‖ W).  RAP is the largest natural area in this highly fragmented region. It encompasses 
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1,500 acres, primarily a river corridor of upland and bottomland forests, sculpture gardens, 
meadows and prairie landscapes surrounded by intensively farmed agricultural lands and a few 
dispersed buildings and barns on the edge of the park. Due to the high quality of bottom and 
floodplain forest, 1,000 acres of RAP have been designated as a National Natural Landmark. I 
selected eight trapping sites within the study area. Considering that previous findings suggest 
that free ranging cats stay within 300 m of buildings (Horn, 2008) and human interactions result 
in highly localized free-roaming cat densities (Schmidt et al., 2007), I selected four sites on the 
edge of the park within 300 m of human buildings (building sites; 1-4) and four sites within the 
interior of the park where potential bobcat sightings had been reported (forest sites; A-D) (Figure 
1).   
 
Live capture of mammals  
  Each of the eight sites was visited every three weeks between the spring and fall of 2008 
and 2009. Each trapping night per site consisted of forty model 108 tomahawk traps (Tomahawk 
Live Trap, Tomahawk, WI) baited with sardines and forty model 103 tomahawk traps 
(Tomahawk Live Trap Company, Tomahawk, WI) baited with peanut butter sandwiches. Two 
overnight live-trappings were conducted per visit to the site. Three building sites and three forest 
sites were visited three times each in 2008. One forest and one building site were visited two 
times for a total of 44 trapping nights in 2008. In 2009, all eight sites were visited four times for 
a total of 64 trapping nights.  
  Mice were trapped during the summer of 2009. Each of the eight sites was trapped at 
least three nights (one forest site had an additional trap night for a total of 25 trapping nights). A 
total of 80 Sherman traps baited with sunflower seeds were used. Forty traps were placed within 
a 100 X 40 m grid and 40 were placed along buildings or trails depending on the site. 
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Processing of animals 
 
  Captured medium mammals were immobilized using a combination of ketamine and 
xylazine following dosage guidelines of Nielson (1999) and Kreeger et al. (2002) (under 
approved University of Illinois at Urbana-Champaign Institutional Animal Care and Use 
protocols). The species, sex, and age (adult, subadult or juvenile) were recorded. Blood was 
collected from the cephalic, ventral coccygeal (opossums), marginal ear vein (rabbits) or 
saphenous veins. Recaptured animals were processed only when more than three weeks had 
passed since their previous sample was collected. Wildlife were PIT (Passive Integrated 
Transponder) tagged for future identification (TX1411SSL 12.50mm x 2.07mm, 125 kHz from 
Biomark, Inc. Boise, ID) and allowed to recover completely from sedation before being released 
at the trapping site. Feral cats were not microchipped, but were digitally photographed for future 
identification.  
  Captured mice were ear tagged (National Band & Tag Company, Newport, KY) and 
restrained in a perforated 50 ml centrifuge tube (Hem et al., 1998) (under approved University of 
Illinois at Urbana-Champaign Institutional Animal Care and Use protocols). Species, sex, and 
age (adult, subadult or juvenile) were recorded. A small patch of hair was shaved from the 
medial surface of the hind limb and a thin layer of Vaseline was applied to the surface of the 
shaved area (Hem et al., 1998; Abatan et al., 2008). A 27 gauge needle was used to puncture the 
saphenous vein and a Sarstedt® Microvette CB 300 Z capillary tube was used to collect the 




  To quantify presence of felids and wildlife at RAP, I used scent stations, motion detection 
cameras and live-trapping (previously described). Two scent stations were located at each of the 
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eight sites. Scent stations consisted of a cleared plot 1m in diameter covered with a sand-mineral 
oil combination and a Fatty Acid Scent disk (Conner et al, 1983; Howard et al., 2002). Three 
times per week, scent stations were checked, the number of animal tracks of each species was 
counted and the station reset. Every week between March and November of 2008 and 2009, 
three motion detection cameras were placed at the study sites and rotated to new sites the 
following week. 
 
Serology   
 
  Blood samples (from medium sized mammals) were centrifuged at 3,000 RPM for at 
least 10 minutes (Bush et al., 2001). Small mammal blood samples were centrifuged at 10,000 g 
for five minutes per recommendation of the Sarstedt® Microvette CB 300 Z manufacturer. A 
modified indirect immunofluorescent antibody test (IFAT) was performed on the serum samples 
to detect Toxoplasma gondii antibodies (Dabritz et al., 2008).  
  IFAT slides with twelve, 5mm wells (Thermo Fisher Scientific) were prepared in lab 
using a modified technique from Miller et al. (2001). Tachyzoites were used as antigen at a 
concentration of 10,000 tachyzoites per µl and fixed in methanol instead of formaldehyde before 
air drying.  
  Serum samples were diluted with Phosphate Buffered Saline (PBS pH 7.2) at a titer of 
1:25. Each well received 20µl of the serum sample. Each slide contained a positive and negative 
control serum sample from known T. gondii negative and positive mice or cats (only for feral cat 
samples). After initial results from IFAT using mouse controls, one negative and one positive 
sample each from raccoon and opossum samples were used as controls for slides containing 
those species samples. Slides were incubated for 30 minutes at 37°C and 5% CO2. After each 
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incubation period slides were rinsed with 1x IFA buffer rinse. Buffer was placed on the slides 
and incubated for an additional 10 minutes.  
  A 1:50 ratio of anti-animal antibody and PBS dilutions were prepared and 20µl added to 
each well. These anti-animal antibodies were fluorescein isothiocyanate (FITC) labeled and 
included:  anti-raccoon IgG (H+L), anti-cat IgG (gamma), anti-rat IgG (H+L) used for squirrels, 
chipmunks and woodchucks (Lockhart et al., 1997), anti-Peromyscus leucopus IgG (H+L) 
(Levin et al., 2002), anti-ferret IgG (H+L) used for skunks and weasels (Levin et al., 2002) 
(Kirkegaard & Perry Laboratories, Gaithersburg, MD), anti-mouse IgG-heavy and light chain for 
mouse controls and anti-rabbit IgG-heavy and light chain (Bethyl Laboratories, Montgomery, 
TX). Slides were incubated with the corresponding FITC-labeled anti-animal antibody for 30 
minutes followed by the addition of 1x IFA buffer to each well and a final 10 minute incubation 
period. 
  FITC-labeled anti-opossum antibodies were not commercially available but anti-opossum 
IgG-heavy and light chain antibody (Bethyl Laboratories, Montgomery, TX) was grown in 
rabbit. Therefore, 20 µl of FITC-labeled anti-rabbit was placed on each well containing the anti-
opossum antibodies and opossum samples, incubated for 30 minutes followed by a 1x IFA buffer 
and a final 10 minutes incubation period. 
  One drop of mounting fluid (glycerol/IFA rinse buffer, pH 9.0, 50:50) was placed on 
each well of the slide. A cover slip was placed on top of the wells and slides were viewed under 
a fluorescence microscope. A sample was classified as positive if all edges around the 
tachyzoites glowed bright green and was classified as negative if the entire edge of the 
tachyzoites did not fluoresce or if only partial edge florescence occurred. Only the last sample 




  All statistical analyses were conducted using SAS 9.1(Statistical Analysis System 
Institute Inc., Cary, NC) and results were considered significant with a P ≤ 0.05. To test the 
hypothesis that feral cats in RAP use building sites more frequently compared to forest sites, the 
number of cat visitations to building sites and forest sites was compared separately for each 
detection method (scent stations and number of individual cats trapped, except motion detection 
cameras due to low cat detection from this method) using negative binomial regression. For the 
trapping analysis, total number of trapping nights to each site was taken into account. A 
visitation based on the scent station method was defined as the occurrence of cat tracks at a scent 
station. Ratio of mean number of cat visitations or cats trapped was used to quantify the effect 
size.  
  To evaluate the hypothesis that the prevalence of T. gondii in wildlife is associated with 
home range size, animals were classified as having a large home range (LHR; i.e. greater than 
100 hectares) or a small home range (SHR; i.e. less than 100 hectares). Animals included in the 
LHR group were raccoons (Procyon lotor) (Beasley et al., 2007), skunk (Mephitis mephitis) 
(Bixler and Gittleman, 2000), long-tailed weasel (Mustela frenata) (Gehring and Swihart, 2000; 
Gehring and Swihart, 2004), and Virginia opossums (Didelphis virginiana) (Gipson and Kamler, 
2001). Animals classified as SHR included white-footed mice (Peromyscus leucopus) (Hofman, 
2008), eastern chipmunks (Tamias striatus) (Blair, 1942), eastern cottontail (Sylvilagus 
floridanus) (Bond et al., 2001), eastern grey squirrels (Sciurus carolinensis) (Gurnell et al., 
2001), woodchucks (Marmota monax) (Hayes, 1977), fox squirrel (Sciurus niger), thirteen-lined 
ground squirrel (Spermophilus tridecemlineatus) and meadow jumping mice (Zapus hudsonius).  
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 To evaluate wildlife abundance at building or forest sites, total number of individual 
animals trapped at building and forest sites was compared using negative binomial regression. 
LHR and SHR mammal groups were evaluated separately and the total number of trapping 
nights to each site was accounted for in the analysis. Ratio of mean number of wildlife captured 
per trapping night was used to quantify the difference. To determine the influence of home range 
size and building or forest site use on T. gondii seroprevalence, prevalence of T. gondii infection 
between the two home range groups (LHR versus SHR) and between building and forest sites 
was compared using logistic regression. Odds ratio (OR) of T. gondii prevalence was used to 
quantify the difference between the comparison groups. 
  The impact of infected cats on wildlife was assessed through comparing prevalence of T. 
gondii infection in wildlife at sites with at least one seropositive cat to sites with no cats trapped 
or only seronegative cats. Logistic regression was used to evaluate this association for LHR and 
SHR mammals. To further evaluate the impact of the presence of feral cats on wildlife in relation 
to T. gondii seroprevalence, I grouped the study sites into sites with higher and lower frequencies 
of cat occurrence based on an arbitrary cutoff of 9 cat occurrences from the three detection 
methods. The seroprevalence of T. gondii in SHR and LHR mammals was compared between 
high and low cat occurrence sites using logistic regression. Exact tests were used if sparse 
sample size (i.e., expected count < 5) was observed in any joint distribution of the variables 
under investigation. Again, OR of T. gondii infection was used to quantify the effect size. 
  The association between sex, age (adult versus subadult/juvenile), and prevalence of T. 
gondii was also evaluated separately for SHR and LHR mammals using logistic regression. 
Using logistic regression, the prevalence of T. gondii was compared between raccoons and 
opossums only, due to sample size.  
44 
2.3. RESULTS 
Distribution of feral cats and wildlife in Robert Allerton Park  
  Feral cats were trapped at three of the four building sites and one of the four forest sites 
(Table 1). The mean number of feral cats trapped at building sites was eight fold greater than at 
forest sites (Ratio = 8.0 [95% confidence interval: 0.8, 82.8]; P = 0.083) and based on scent 
station data, cats were detected at all eight sites within the park (Table 1). Detection of cats at 
building sites based on scent stations was more than three times the detection at forest sites 
(Ratio = 3.2 [1.3,  7.7]; P = 0.010). Based on motion detection camera data, cats were detected at 
one of four building sites and one of four forest sites (Table 1). Two cats were trapped at forest 
site C, but the remaining forest sites showed little evidence of cats in the area except for the 
evidence from scent stations and one picture (Table 1). Bobcats were not detected in the park 
based on all three detection methods. Five sites were classified as having a low frequency of cat 
occurrence and three sites were classified as having a high frequency of cat occurrence based on 
a cutoff of 9 cat occurrences across the three detection methods (Table 1).  
 Of 317 individual LHR mammals (excluding cats) trapped during the study, 237 were 
trapped at building sites. Significantly more LHR mammals were trapped at building sites 
compared to forest sites (P <0.001; Ratio = 2.9 [1.6, 5.3]), while SHR mammals were trapped at 
a similar abundance at building and forest sites (P = 0.208; Ratio = 1.2 [0.9, 1.7]). A total of 125 
and 109 individual SHR mammals were trapped at building and forest sites respectively.  
 
Seroprevalence of Toxoplasma gondii  
 
  Among feral cats, 33% (6/18) were seropositive (95% CI [13%, 59%]). Although the 
observed prevalence of T. gondii was higher among feral cats trapped at forest sites compared 
with cats from building sites, a larger sample is required to support these findings. Feral cats 
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from three building sites were tested for T. gondii antibodies and only feral cats from building 
site 2 tested positive (Table 2). Feral cats were only trapped at one of the four forest sites (Table 
2).  
  Seroprevalence of T. gondii in SHR mammals ranged from 0% to 15% and 0% to 9% at 
building and forest sites, respectively, while in LHR mammals it ranged from 26% to 41% and 
25% to 39% at building and forest sites (Table 2). Among LHR mammals, overall 
seroprevalence was 30% [25%, 37%] at building sites and 34% [24%, 45%] at forest sites, 
although the difference between LHR mammal seroprevalence at building and forest sites was 
not strong (OR = 0.9 [0.5, 1.5]; Table 3). Seroprevalence among SHR mammals was 8% [4%, 
14%] at building sites compared to 4% [1%, 9%] at forest sites. Although this difference was not 
statistically significant (P = 0.174; Table 3), the odds of infection with T. gondii in SHR 
mammals at building sites was over two times greater than at forest sites (OR =2.3 [0.7, 4.2]). 
Excluding cats, the overall seroprevalence in LHR mammals was 31% [26%, 37%] and was 
different (P < 0.001) from 6% [3%, 10%] in SHR mammals (OR = 7.1 [4.0, 12.9]). Repeatability 
of samples evaluated with mouse controls and a raccoon or opossum control was 100%.  
  Although not significant, there was a higher T. gondii seroprevalence in female LHR and 
SHR mammals compared to males (Table 3). The odds of T. gondii infection were five times 
[3.0, 8.4] higher in adult LHR mammals than in juveniles (P < 0.001; Table 3) and were 2.4 
times [0.6, 13.5] higher in adult SHR mammals compared to juveniles (P = 0.189; Table 3). 
  Presence of a seropositive cat compared to seronegative or no cats, was not associated 
with T. gondii seroprevalence in LHR (OR = 0.7) or SHR mammals (OR = 0.5; Table 4). Three 
of the eight sites met the criteria I established for high frequency cat occurrence (Table 1). In the 
LHR mammal group, there was no difference between sites with high cat occurrence compared 
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to low cat occurrence (P = 0.174, OR = 0.7 [0.4, 1.2]; Table 4). There was a significant 
difference in the seroprevalence of T. gondii for SHR mammals at sites with a high frequency of 
cat occurrence (P = 0.018, OR=4.2 [1.3, 13.8]; Table 4). 
  Among LHR mammals, seroprevalence in raccoons and opossums was 29% (59/204) 
[23%, 36%] and 35% (39/111) [26%, 45%], respectively, but this difference was not statistically 
significant (P = 0.256; OR = 0.8 [0.5, 1.2]). One skunk and one of three rabbits tested positive to 
T. gondii antibodies. One long-tailed weasel, three woodchucks, one grey squirrel, one fox 
squirrel, one thirteen-lined ground squirrel, five chipmunks and one meadow jumping mouse 
were negative for T. gondii antibodies.  
  Three opossums seroconverted from negative to positive for T. gondii antibodies during 
the duration of the study. One was trapped at a forest site and one at a building site. The third 
opossum that seroconverted became positive after moving from a forest site to a building site. 
Eight raccoons seroconverted during this study. Seven of these raccoons were trapped at building 
sites and one was trapped at a forest site. Among small mammals, only one white-footed mouse 
located at a forest site seroconverted during the study.  
 
2.4. DISCUSSION  
  Feral cats were detected throughout the study area and my results indicate that SHR 
mammals inhabiting sites with a higher frequency of cat occurrence are at a significantly higher 
risk of infection with T. gondii compared to sites with low cat occurrence. To my knowledge, 
this is the first attempt to evaluate T. gondii seroprevalence in wildlife in relation to frequency of 
cat occurrence in a natural area. A higher frequency of cat occurrence in an area suggests more 
time for fecal deposition and potential contamination of the area with T. gondii oocysts. The 
omnivorous diet of most SHR mammals consists of seeds, plant material and insects, therefore 
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SHR mammals must be infected through ingestion of oocysts or by vertical transmission 
(Beverley, 1959; Owen and Trees, 1998). The oocyst stage of the parasite is only present in feces 
from infected felids (Hutchison, 1965), thus feral cat habitat use is an integral part of SHR 
mammal infection with T. gondii. As an essential part of T. gondii seroprevalence studies, SHR 
mammals may serve as sentinels for risk of disease exposure to humans and wildlife in a natural 
area.  
 The higher odds of T. gondii infection in SHR mammals at building sites compared to 
forest sites can be explained in part by the higher frequency of cat occurrence at most building 
sites. These findings are similar to those from a study in woodchucks across an urbanization 
gradient where woodchucks in urbanized areas had a higher prevalence of T. gondii compared to 
woodchucks living in less urbanized areas (Lehrer et al., 2010). This further supports the notion 
that anthropogenic influences by way of feral cats in natural areas can impact wildlife through 
the spread of disease.    
 Although the relationship between T. gondii positive cats and wildlife seroprevalence was 
not statistically significant, it demonstrates that there is environmental contamination at small 
local scales in this natural area. Since oocysts can survive in the environment for up to a year 
(Frenkel et al., 1975; Dubey and Beattie, 1988), one positive cat could infect a natural area and 
thus increase the risk of exposure to wildlife. In addition, the Sangamon River crosses through 
the middle of the park, so I cannot ignore the possibility that LHR mammals may be infected 
through use of the waterway. Although environmental detection of oocysts is difficult and was 
not evaluated in this study, there are techniques to detect oocysts in soil (Dubey et al., 1995) and 
Polymerase Chain Reaction (PCR) has been used in paratenic bivalve hosts to detect oocysts in 
waterways (Arkush et al., 2003), which would be useful to implement in future studies in RAP.  
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 Furthermore, the feral cat sample size for this study was relatively small (n=18) and only 
6 positive cats were identified. Considering my trapping frequency and intensity, increasing the 
trapping effort to test more cats may be difficult. However, increasing the number of natural 
areas evaluated might yield larger samples sizes and comparing RAP to a natural area without 
cats would help provide epidemiologic support for the direct relationship between T. gondii 
seroprevalence in wildlife and feral cats. However, feral cats are abundant (Jessup, 2004) and 
finding such a site may not be feasible. 
  All eight sites had evidence of feral cats based on the scent station data, although a cat 
was not necessarily trapped in each area; this highlights the value of multiple detection methods 
to locate elusive animals. A study in New Caledonia nature reserves found track and scat 
evidence of feral cats throughout the reserves, even in remote areas where the feral cat 
populations fed on rats (Rouys and Theuerkauf, 2003), which is in accordance with my findings 
that feral cats use the interior of natural areas. Not only were feral cats detected in the forest, but 
the localized habitat use, predominantly herbivorous diet, and seroprevalence of SHR mammals 
point to feral cats as the source of T. gondii contamination in RAP. 
  Cats and LHR mammals used areas around buildings more frequently than forest areas, 
as evidenced by my live trapping, motion camera and scent station results. Cat dependence on 
humans, even in a natural area for shelter, prey and supplemental food (Liberg, 1984) may 
explain this finding. Some areas in the park located close to buildings have picnic areas and trash 
cans that may act as animal attractants and serve as a food source. LHR mammals exhibit a 
similar abundance at areas with buildings and a presumed dependence on human food supplies 
and shelter (Prange et al., 2003; Bozek et al., 2007; Markovchick-Nicholls et al., 2008). These 
results imply that for urban adaptive species such as raccoons, opossums and feral cats, buildings 
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in natural areas may increase contact rates between wildlife and feral cats, potentially increasing 
interspecies disease transmission.  
  Additionally, the distribution of LHR mammals and feral cats in RAP may potentially be 
explained by ―mesopredator release‖ dynamics occurring in RAP. Coyote presence in the interior 
of the park could displace raccoons, opossums and feral cats, but at building sites, these animals 
are released from predation pressure by coyotes (Crooks and Soule, 1999). Conclusions on 
mesopredator release in RAP require further data collection and study design to test this 
hypothesis.  
  Higher seroprevalence in LHR mammals compared to SHR mammals may be related to 
various life history characteristics associated with the species in each group. Movement 
throughout the park exposes the LHR mammals to more infected areas. Furthermore, the LHR 
mammals are omnivores that consume more animal tissue compared to SHR mammals 
potentially exposing them to more T. gondii tissue cysts in intermediate hosts. Another differing 
characteristic between the LHR and SHR groups is their life span, as LHR mammals tend to live 
longer than the SHR mammals; thus their chance of becoming infected over their lifetime is 
greater. In future studies, the use of radiotelemetry in LHR mammals to evaluate more precise 
habitat use may be beneficial to determine sources of environmental contamination.  
  Most cats trapped in RAP during my study were in relatively good physical condition, 
which suggests that they may receive supplemental food. If so, these cats likely do not require 
prey species to survive, decreasing their risk for acquiring T. gondii infection from consumption 
of intermediate hosts. The relatively low prevalence of T. gondii in feral cats could also indicate 
that indoor cats were recently abandoned at RAP. Nonetheless, the population of currently 
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uninfected cats could shed millions of oocysts upon infection and are a great risk of becoming 
the biggest source of T. gondii environmental contamination for this natural area. 
  Among white-footed mice, I found a 6% seroprevalence of T. gondii antibodies, which 
was high, compared to other studies (Dubey et al., 1995; Smith and Frenkel, 1995; DeFeo et al., 
2002). Mice have a short life span, thus the findings that mice, including some juveniles, were 
seropositive implies an active infection and recent T. gondii contamination in RAP. For some 
SHR mammals, such as woodchucks and chipmunks, I had a limited number of samples and no 
seropositive test results, which could be attributed to sample size or limitations of the serologic 
test used. This high prevalence among SHR mammals suggests that the wildlife within this 
isolated natural area is heavily impacted by the presence of cats in RAP and the anthropogenic 
spillover from surrounding areas. 
  Although not an initial objective of the study, a higher seroprevalence was found in adult 
cats, LHR and SHR mammals compared to juveniles. These findings are similar to other studies 
that have addressed seroprevalence of T. gondii in cats (Dubey et al., 1995), rodents (Dabritz et 
al., 2008), and sea otters (Miller et al., 2002). Older animals have dispersed through the 
environment and may encounter more T. gondii oocyst-infected areas compared to younger 
animals. In contrast to other studies, I found that females in the feral cat, LHR mammal and SHR 
mammal groups had a higher seroprevalence compared to males. Other studies suggest that 
males have larger home ranges and tend to have a higher seroprevalence of T. gondii (Miller et 
al., 2002), but due to reproductive changes there are enhanced energy requirements for females 






Potential management implications 
 
 This work provides insight into how feral cats use natural areas and how cat presence can 
impact wildlife in the environment. This information is necessary for establishing successful 
feral cat control strategies. The overall implications for disease transmission between wildlife 
and feral cats remain under studied. Educating the general public on how to care for animals, 
such as keeping their cats indoor to decrease the health risks for wildlife (Lepczyk et al., 2004), 
cats (Schmidt et al., 2007) and humans (Ruiz et al., 1973) and implementing regulations on free-
roaming cats is desirable. No one group can accomplish successful cat control, thus an 
interdisciplinary approach is needed to manage the issue and successfully execute changes. 
 Collaborative studies of feral cat populations are necessary to aid in further refinement of 
management strategies that could benefit cats, wildlife and human health. Additionally, the use 
of population simulation models may aid in determining the critical life history characteristic that 
can be exploited to decrease populations (Foley et al., 2005). Persistent monitoring of current cat 
populations and continued study of the effect of cat diseases in wildlife populations are needed 
(Stoskopf and Nutter, 2004). Further research and support of scientific programs in conjunction 
with sterilization programs are needed to provide useful information to the public, cat owners 
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2.6. TABLES AND FIGURES  
Table 1. Occurrence of feral cats within the Robert Allerton Park, Illinois study area by building 
and forest sites. The data are based on individual cats trapped, number of cat visitations to scent 
stations and individual cat pictures from the motion detection cameras. Total cat detection was 





















Building 1 0 9 0 9 High 
 2 13 28 3 44 High 
 3 1 4 0 5 Low 
 4 2 10 0 12 High 
Forest A 0 6 0 6 Low 
 B 0 5 1 6 Low 
 C 2 2 0 4 Low 
 D 0 3 0 3 Low 
a
Total number of individual cats trapped 
b
Total number of cat visitations to scent stations 
c
Number of individual cat pictures captured by cameras 
d
Sum of cat occurrence across all three detection methods 
e






















Table 2. Seroprevalence of Toxoplasma gondii antibodies in feral cats, large home range (LHR) 
mammals and small home range (SHR) mammals by building and forest sites at Robert Allerton 
Park, Illinois.  

















Building 1 0 0  36 11  67 30 
 2 13 38  22 5  110 26 
 3 1 0  33 0  34 41 
 4 2 0  34 15  26 35 
Forest A 0 0  22 9  20 35 
 B 0 0  30 0  14 36 
 C 2 50  34 3  20 25 
 D 0 0  23 4  26 39 
a
Small home range (SHR) mammals: white-footed mice (Peromyscus leucopus), eastern 
chipmunks (Tamias striatus), eastern cottontail (Sylvilagus floridanus), eastern grey squirrels 
(Sciurus carolinensis), woodchucks (Marmota monax), fox squirrel (Sciurus niger), thirteen-
lined ground squirrel (Spermophilus tridecemlineatus) and meadow jumping mice (Zapus 
hudsonius)  
b
Large home range (LHR) mammals: raccoons (Procyon lotor), skunk (Mephitis mephitis), long-
tailed weasel (Mustela frenata), and Virginia opossums (Didelphis virginiana)  
c
Total number of individual animals sampled 
d

























Table 3: Association between Toxoplasma gondii seroprevalence and building or forest site, sex 
and age in large home range (LHR) and small home range (SHR) mammals in the Robert 
Allerton Park, Illinois study area.   
Mammal 
Group Variables n (Seroprevalence) Odds Ratio 95% CI P 
LHR
a 
Buildings  237 (30 %) 
0.9 0.5 – 1.5 0.574  
 Forest
c
 80 (34 %) 
      
 Male
c
 170 (24 %) 
2.1 1.3 – 3.3 0.004 
 Female 147 (39 %) 
      
 Adult 148 (49 %) 
5.0 3.0 – 8.4 <0.001 
 Juvenile
c
 169 (16 %) 
      
SHR
b 
Buildings  125 (8 %) 
2.3 0.7 – 4.2 0.174 
 Forest
c
 109 (4 %) 
      
 Male
c
 142 (5 %) 
1.6 0.5 – 4.7 0.402 
 Female 92 (8 %) 
      
 Adult 144 (8 %) 
2.4 0.7 – 8.8 0.189 
 Juvenile
c
 90 (3 %) 
a
Large home range (LHR) mammals: raccoons (Procyon lotor), skunk (Mephitis mephitis), long-
tailed weasel (Mustela frenata), and Virginia opossums (Didelphis virginiana)  
b
Small home range (SHR) mammals: white-footed mice (Peromyscus leucopus), eastern 
chipmunks (Tamias striatus), eastern cottontail (Sylvilagus floridanus), eastern grey squirrels 
(Sciurus carolinensis), woodchucks (Marmota monax), fox squirrel (Sciurus niger), thirteen-
lined ground squirrel (Spermophilus tridecemlineatus) and meadow jumping mice (Zapus 
hudsonius) 
c













Table 4: Association between Toxoplasma gondii seroprevalence in large home range (LHR) and 
small home range (SHR) mammals and cat presence based on frequency of cat occurrence and 
Toxoplasma gondii status of trapped cats at Robert Allerton Park, Illinois. 
Mammal 
Group Variables n (Seroprevalence) 
Odds 
Ratio 95% CI P 
LHR
a 
High cat occurrence 203 (29 %) 
0.7 0.4 – 1.2 0.174 
 Low cat occurrence
c





130 (26 %) 
0.7 0.4 – 1.1 0.132 




187 (35 %) 
      
SHR
b 
High cat occurrence 92 (11 %) 
4.2 1.3 – 13.8 0.018 
 Low cat occurrence
c





56 (4 %) 
0.5 0.1 – 2.4 0.611 




178 (7 %) 
a
Large home range (LHR) mammals: raccoons (Procyon lotor), skunk (Mephitis mephitis), long-
tailed weasel (Mustela frenata), and Virginia opossums (Didelphis virginiana)  
b
Small home range (SHR) mammals: white-footed mice (Peromyscus leucopus), eastern 
chipmunks (Tamias striatus), eastern cottontail (Sylvilagus floridanus), eastern grey squirrels 
(Sciurus carolinensis), woodchucks (Marmota monax), fox squirrel (Sciurus niger), thirteen-
lined ground squirrel (Spermophilus tridecemlineatus) and meadow jumping mice (Zapus 
hudsonius) 
c











Figure 1. Location of ―Robert Allerton Park‖ study area in Piatt County, Illinois and location of 


























  Feral cats use natural areas in a highly fragmented landscape, potentially exposing 
wildlife to certain diseases. Through three detection methods, scent stations, motion detection 
cameras, and overnight live trapping, I determined that cats were present throughout a natural 
area in Piatt County, Illinois. Cats were trapped and detected by scent stations more often at edge 
building sites compared to interior forest sites. Wildlife within the area used building and forest 
sites differently, with large home range (LHR) mammals occurring in a greater abundance at 
building sites and mammals with small home ranges (SHR) occurring in similar abundances at 
building and forest sites. Despite these differences in habitat use and the potential increased risk 
of diseases from feral cats at building sites, wildlife at sites with buildings did not have a 
significantly higher seroprevalence of T. gondii compared to wildlife at forest sites. However, 
areas with a higher frequency of cat occurrence, based on the three detection methods, had a 
higher seroprevalence of T. gondii in SHR mammals; although this was not found in LHR 
mammals. Due to the small spatial scale utilized by SHR mammals and their omnivorous diet of 
plant material and insects, I conclude that feral cats are the main environmental contamination 
source in this natural area.  
  Additionally, LHR mammals had a higher seroprevalence of T. gondii compared to SHR 
mammals. The larger spatial scale use and more carnivorous diet of LHR mammals may explain 
this difference. Furthermore, a higher seroprevalence of T. gondii was found in adult LHR and 
SHR mammals, which is likely related to their longer life and potentially greater dispersal in the 
environment, thus, more potential to encounter areas infected with T. gondii oocysts. Among 
feral cats, LHR and SHR mammals, females had a higher prevalence of T. gondii compared to 
64 
males, which differs from other studies. Male animals tend to have larger home ranges and a 
greater chance of encountering potentially contaminated areas (Miller et al., 2002). However, it 
could be that females have greater nutritional needs during lactation (Harder et al., 1996). 
  My results provide a greater understanding of how feral cats and wildlife utilize natural 
areas in a highly fragmented landscape and how feral cat land use may impact wildlife parasite 
prevalence both directly and indirectly. With this information, I more clearly understand the 
association between wildlife and feral cats and can suggest better control strategies for feral cat 
populations. Using wildlife with small spatial scale habitat use as sentinels of parasite presence 
in the environment, I can gain a better understanding of the epidemiologic impact of T. gondii in 
different urban and rural settings to prevent human and wildlife infection. Further collaborative 
research is needed to determine the most effective management strategy for feral cat populations 
in natural areas and to evaluate the direct relationship between feral cats and their impacts on 
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APPENDIX A: TRAPPING DATA  
Total number of each species of animal trapped at each site per visit and trap night. Total trapped includes all animals trapped of that 
species for the specified visit and trap night. Number of recaptured animals includes animals that were recaptured and released (due to 
being trapped and sampled less than three weeks prior), recaptured and sampled or captured and escaped. 






































DF Building 1 1 1  4 1            
    2  3 2       1     
   2 1  10 (1) 3 (1)  1     1 (1)     
    2  2 2 (1)            
   3 1  3 (3) 1            
    2  1 2            
VC Building 2 1 1  10 (4) 5            
    2  17 (3) 4 (3)        1 (1)    
   2 1 5 20 (5) 4 (4)            
    2 1 12 (7) 5 (2)            
   3 1  10 (7) 8 (3)            
    2  8 (2) 5 (5)            
GBH Building 3 1 1  1 2            
    2  4 4 (3)       1 (1)     
   2 1  1 1            
    2  1 2  1 (1)          
MB Building 4 1 1  2 2            
    2   1 (1)        1(1)    
   2 1 1 1 4 (2)            
    2 1 (1)  3 (3)            
   3 1 1 3 3 (3)            
    2   4 (3)            
YF Forest A 1 1  5 (1) 2            
    2  3 3 (2)            
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   2 1  1 (1) 2 (2)            
    2  2 (1) 1 (1)            
   3 1   2 (2)            
    2   3 (3)            
LYF Forest B 1 1  1 (1) 1 (1)            
    2   1       1 (1)     
   2 1   4 (2)       1 (1)     
    2   1 (1)            
   3 1  2 (1) 1 (1)            
    2   2 (2)            
OF Forest C 1 1   2            
    2  2 5 (2)    1        
   2 1   2 (2)            
    2 1 1 1 (1)            
   3 1  1 1            
    2  2 2 (2)            
FP Forest D 1 1  1 2            
    2  2             
   2 1               
    2  2 6 (3)            






































DF Building 1 1 1   1         6 (3)   
    2  3 (1) 1 (1)      1      
   2 1  11 (1) 3   2    1  12   
    2  5 (1) 2 (2)            
   3 1  1 (1) 2       2 (2)  21 (6)   
    2  3 1 (1)   1         
   4 1  8 (2) 2 (1) 1           
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    2  4 3 (1)            
VC Building 2 1 1 1  1         1   
    2 1 5 (3) 1            
   2 1 5 18 (2) 2 (1)         8   
    2  14 (5) 2 (1)            
   3 1 1 (1) 16 (10) 2 (2)     1    15 (2)   
    2  11 (8)             
   4 1  2 (2) 7 (2)            
    2  2 3 (2)     1 (1)       
GBH Building 3 1 1 1 1 3         10 (1)   
    2   1            
   2 1  3 (1) 1         21 (3)   
    2  3 (1) 3 (1)            
   3 1  3 3 (2)       2  13 (8) 1 (1)  
    2  2 4 (3)            
   4 1  2 (1) 1 (1)            
    2   2 (1)            
MB Building 4 1 1   1         11  1 
    2           1    
   2 1            11   
    2  8 (4) 3            
   3 1  1 (1) 3 (2)         14 (5) 1 (1)  
    2  1 3 (2)       1     
   4 1   2 (2)            
    2  1 3 (1)            
YF Forest A 1 1  1 (1)         1 11 (4)   
    2  1 (1) 1            
   2 1  1 (1)          8 (4)   
    2  1 (1) 1 (1)            
   3 1  5 (3) 3 (1)         5 (1)   
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    2  2 (2) 4 (1)            
   4 1  1 (1) 4 (1)         12 (4)   
    2  1 (1) 2 (2)            
LYF Forest B 1 1  3 (2) 1 (1)         9   
    2  4 (3)         1    
   2 1  1 (1) 1 (1)         15 (5)   
    2  3 1 (1)            
   3 1  1 (1) 5 (2)         14 (4) 1 (1)  
    2               
   4 1  4 (3) 2 (2)            
    2  2 (2) 3 (2)            
OF Forest C 1 1 1 1          10 (1)   
    2  1(1)             
   2 1  2 (1) 2         15 (1)   
    2  1 (1) 3            
   3 1   2 (1)         15 (5)   
    2  1 (1) 1 (1)            
   4 1  1 (1)             
    2   3 (3)            
FP Forest D 1 1  3 (3)          11 (1)   
    2  5             
   2 1  3 (1) 2         7 (2)   
    2  4 (2) 1 (1)            
   3 1   2 (1)         11 (4)   
    2   5 (3)            
   4 1   1 (1)            
    2   2 (1)            
aTotal number of animals trapped and in parentheses is the total number of animals that were recaptured/released, recaptured/re-sampled and captured/escaped. 
bDF: Diversified Farm; VC: Visitor Center; GBH: Gingerbread House; MB: Music Barn; YF: Young Forest; LYF: Lower Young Forest; OF: Old Forest; FP: Flood Plain 
cFC: Feral cat; RA: Raccoon; OP: Opossum; SK: Skunk; LTW: Long-tailed weasel; GH: Ground hog; FSQ: Fox squirrel; GSQ: Grey squirrel; TSQ: Thirteen-lined ground squirrel; CH: Chipmunk; RB: 
Rabbit; WM: White-footed mouse; SH: Shrew; MM: Meadow-jumping mouse 
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APPENDIX B: INDIRECT IMMUNOFLUORESCENT ANTIBODY TEST RESULTS  
Site, location, species, sex, age, individual identification and indirect immunofluorescent 
antibody test result for each individual in the study.    
Sitea Locationb Speciesc Sexd Agee Identificationf T. gondii 
+/-g 
DF 1 CH F A 4B07771841 - 
DF 1 CH M A 466438066E - 
GBH 1 CH F A 2104 - 
GBH 1 CH M A 2105 - 
MB 1 CH F A 4A0B1F2760 - 
GBH 1 FC M A white w/yellow patches and 
yellow eyes 
- 
MB 1 FC M A grey + white w/ yellow eyes - 
MB 1 FC M A black + white - 
OF 0 FC F A black  + 
OF 0 FC F SA All black w/ slightly gray 
underbelly 
- 
VC 1 FC F A brown + beige striped + 
VC 1 FC F A grey + beige striped w/ dark 
yellow eyes 
+ 
VC 1 FC M A cream + white w/ yellow eyes - 
VC 1 FC M A cream tabby - 
VC 1 FC F J black + cream w/ some orange - 
calico w/ golden eyes 
- 
VC 1 FC F J orange + black calico w/ golden 
eyes 
- 
VC 1 FC F J grey + white + 
VC 1 FC M J brown + tan striped w/ golden 
eyes 
- 
VC 1 FC M J gray + cream striped w/ white 
feet + golden eyes 
- 
VC 1 FC M J gray + white striped w/ gray feet 
+ golden eyes 
- 
VC 1 FC M J gray striped - 
VC 1 FC M J brown + tan striped + 
VC 1 FC M J white w/ brown and tan stripes + 
OF 0 FSQ F A 46784B4C7C - 
DF 1 GH M A 7F7F28430E - 
DF 1 GH F J 4B095B137D - 
DF 1 GH M SA 4B080E5B33 - 
VC 1 GSQ F A 4B0A11494A - 
DF 1 LTW M A 4B1F672420 - 
DF 1 OP F A 4679134309 - 
DF 1 OP F A 46787C4D5B + 
DF 1 OP F A 4B08351802 - 
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DF 1 OP F A 4B09745515 + 
DF 1 OP F A 4B1F476B05 + 
DF 1 OP M A 4678633373 + 
DF 1 OP M A 4A0B5A1B38 + 
DF 1 OP F J 4B094D1C31 - 
DF 1 OP F J 4B207A7C52 - 
DF 1 OP M J 4B081C363D + 
DF 1 OP M J 4B0848471B + 
DF 1 OP M J 4B1F395C53 - 
DF 1 OP M J 4B1F620F6A - 
DF 1 OP F SA 4A0B5E4824 + 
DF 1 OP F SA 4B1F506047 - 
DF 1 OP M SA 4A0B57443B - 
DF 1 OP M SA 4B20334051 - 
FP 0 OP F A 467D635E4E - 
FP 0 OP F A 4B0A0D064F + 
FP 0 OP M A 4B0A140577 - 
FP 0 OP M A 4B207F7C4A + 
FP 0 OP F J 4B1F332E53 - 
FP 0 OP F J 4B20745A43 - 
FP 0 OP M J 4B21036E25 - 
FP 0 OP F SA 4A0B6C3B2B - 
FP 0 OP M SA 4A0A7F3316 - 
FP 0 OP M SA 4A0B5D2E03 - 
GBH 1 OP F A 4B0850567D + 
GBH 1 OP F A 4B1F2B0E6B + 
GBH 1 OP F A 4B21763666 + 
GBH 1 OP M A 4B1F521210 + 
GBH 1 OP M A 4B1F64292C + 
GBH 1 OP M A 4B206B496E - 
GBH 1 OP M A 4B220F7542 - 
GBH 1 OP F J 4B0777036E + 
GBH 1 OP F J 4B08375674 + 
GBH 1 OP M J 467872497D - 
GBH 1 OP M J 4A0B383C27 - 
GBH 1 OP M J 4A0B56035B - 
GBH 1 OP F SA 46755F531B - 
GBH 1 OP M SA 467D473B16 - 
GBH 1 OP M SA 4A0B0D4A6E - 
GBH 1 OP M SA 4B221E2127 - 
LYF 0 OP F A 4B1E183226 + 
LYF 0 OP M A 46792E5F1F - 
LYF 0 OP M J 4A0B5A5E78 - 
LYF 0 OP F SA 4A0A696B50 - 
LYF 0 OP F SA 4A0A763B13 + 
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LYF 0 OP M SA 4A0B74674B - 
LYF 0 OP M SA 4B1F1B6C5E - 
MB 1 OP F A 467D76575F - 
MB 1 OP F A 4A0B500861 + 
MB 1 OP F A 4A0B6A452C + 
MB 1 OP F A 4B0978077D + 
MB 1 OP F A 4B2179676A + 
MB 1 OP M A 46786F2578 - 
MB 1 OP M A 467D764A5E - 
MB 1 OP M A 4B09780915 - 
MB 1 OP M A 4B1E485A17 + 
MB 1 OP M A 4B1F543575 + 
MB 1 OP F J 4A0B5B1F36 - 
MB 1 OP F J 4B0835166A - 
MB 1 OP M J 4A0B1C1E0B - 
MB 1 OP M J 4B21476F6B - 
OF 0 OP F A 465E66226E - 
OF 0 OP F A 465F142277 + 
OF 0 OP F A 4B09405B0A - 
OF 0 OP F A 4B09573206 - 
OF 0 OP M A 4B08301D23 - 
OF 0 OP F J 466A67245D - 
OF 0 OP F J 467866041B - 
OF 0 OP M J 4662793C3F - 
OF 0 OP M J 4B082B3E7F - 
OF 0 OP M J 4B08376A55 + 
OF 0 OP M J 4B217F2C29 - 
OF 0 OP F SA 4A0B1C4064 - 
VC 1 OP F A 46784E3505 + 
VC 1 OP F A 4B051A4577 - 
VC 1 OP F A 4B08373020 + 
VC 1 OP F A 4B1F4D722E - 
VC 1 OP M A 46784E2042 + 
VC 1 OP M A 4B1E18363C + 
VC 1 OP M A 4B20444F7F - 
VC 1 OP M A 4B2076102F - 
VC 1 OP M A 4B207B4144 + 
VC 1 OP F J 465E6E6157 + 
VC 1 OP F J 46650D6427 - 
VC 1 OP F J 4A0B686F3A - 
VC 1 OP M J 4664736546 - 
VC 1 OP M J 46787E503D - 
VC 1 OP M J 4B1F281A7C - 
VC 1 OP M J 4B1F352C0C - 
VC 1 OP M J 4B1F481E10 - 
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VC 1 OP F SA 4A0A6D6D72 - 
VC 1 OP F SA 4B1D606C17 - 
VC 1 OP M SA 4A0B51304E - 
VC 1 OP M SA 4A0B676F12 - 
VC 1 OP M SA 4A0B687C53 - 
VC 1 OP M SA 4B21015263 + 
YF 0 OP F A 467857352A + 
YF 0 OP F A 4678703A09 - 
YF 0 OP F A 4A0B48464B - 
YF 0 OP F A 4A0B716567 + 
YF 0 OP F A 4B1F61775B - 
YF 0 OP M A 467D725444 - 
YF 0 OP M J 4A0B663664 + 
YF 0 OP M J 4A0B6B0B29 - 
YF 0 OP M SA 4A0B1D1E1F + 
YF 0 OP M SA 4A0B321F03 - 
YF 0 OP M SA 4A0B4D324D - 
YF 0 OP M SA 4A0B681778 + 
DF 1 RA F A 4679011131 + 
DF 1 RA F A 467D5E6D10 + 
DF 1 RA F A 467D615807 - 
DF 1 RA F A 467D6B1E60 + 
DF 1 RA F A 467D6D7B48 + 
DF 1 RA F A 4A0B570442 - 
DF 1 RA F A 4A0B76143F + 
DF 1 RA F A 4B07745C51 - 
DF 1 RA F A 4B081C7149 - 
DF 1 RA F A 4B084B676B + 
DF 1 RA F A 4B0A0D0904 - 
DF 1 RA F A 4B1F194371 + 
DF 1 RA F A 4B1F203563 - 
DF 1 RA F A 4B1F2B7310 + 
DF 1 RA F A 4B203D7224 + 
DF 1 RA F A 4B221F7017 - 
DF 1 RA M A 4678705964 - 
DF 1 RA M A 4A0A7C5C54 - 
DF 1 RA M A 4A0B6D2529 - 
DF 1 RA M A 4B083B1541 - 
DF 1 RA M A 4B1F580F21 - 
DF 1 RA M A 4B21727F76 - 
DF 1 RA F J 467918557D - 
DF 1 RA F J 4A0B4B5E00 - 
DF 1 RA F J 4B08292D71 - 
DF 1 RA F J 4B082C6378 - 
DF 1 RA F J 4B0842217F - 
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DF 1 RA F J 4B084E7F4B - 
DF 1 RA F J 4B08501A58 - 
DF 1 RA F J 4B08540561 - 
DF 1 RA F J 4B1C70095C - 
DF 1 RA F J 4B1D474C7C - 
DF 1 RA F J 4B1F2E455B - 
DF 1 RA M J 4B08250175 - 
DF 1 RA M J 4B082D3E14 - 
DF 1 RA M J 4B08517167 - 
DF 1 RA M J 4B0A182638 - 
DF 1 RA M J 4B2069382E + 
DF 1 RA F SA 4A0B164A26 - 
DF 1 RA F SA 4A0B36211A - 
DF 1 RA F SA 4B0819254C - 
DF 1 RA F SA 4B202D0B29 + 
DF 1 RA M SA 4A0A6D5E18 - 
DF 1 RA M SA 4A0B50381C - 
DF 1 RA M SA 4A0B732357 - 
DF 1 RA M SA 4B08212560 - 
DF 1 RA M SA 4B1F54273F - 
DF 1 RA M SA 4B20445C16 - 
FP 0 RA F A 46694A0A7D + 
FP 0 RA F A 4B07745A7F + 
FP 0 RA F A 4B082B090F - 
FP 0 RA F A 4B082D1B2E + 
FP 0 RA F A 4B084D0659 + 
FP 0 RA F A 4B2219015B + 
FP 0 RA M A 467D3C2C5B - 
FP 0 RA M A 4B08122346 - 
FP 0 RA M A 4B0825386D - 
FP 0 RA M A 4B220B423E - 
FP 0 RA F J 465F40420C - 
FP 0 RA F J 4B0A15143E + 
FP 0 RA M J 4B08393B4D + 
FP 0 RA M J 4B0974510F + 
FP 0 RA F SA 4B1D5A224D - 
FP 0 RA F SA 4B1E114342 - 
GBH 1 RA F A 467629140D + 
GBH 1 RA F A 467D455D25 + 
GBH 1 RA M A 467D5F4541 + 
GBH 1 RA M A 4A0B181A1D - 
GBH 1 RA M A 4A0B302A20 + 
GBH 1 RA M A 4A0B537050 - 
GBH 1 RA M A 4A0B7D7E13 + 
GBH 1 RA M A 4B08041512 - 
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GBH 1 RA M A 4B084E7B51 - 
GBH 1 RA M A 4B08525117 + 
GBH 1 RA M A 4B1F4E3529 - 
GBH 1 RA M A 4B220F0546 - 
GBH 1 RA M A 4B2212734F - 
GBH 1 RA F J 4B22177C1C + 
GBH 1 RA M J 465F2F097A - 
GBH 1 RA M J 46793F210B - 
GBH 1 RA M J 4A0B640C0C - 
GBH 1 RA M SA 4B08517353 - 
LYF 0 RA F A 4B08317032 + 
LYF 0 RA F A 4B1F491555 - 
LYF 0 RA F A 4B22176A4C - 
LYF 0 RA M A 4A0B6B7A0E + 
LYF 0 RA M J 4B080E313B - 
LYF 0 RA M J 4B083B4465 + 
LYF 0 RA M SA 4B08475163 - 
MB 1 RA F A 46772D2C5E - 
MB 1 RA F A 4A0C256A62 + 
MB 1 RA F A 4B08393406 - 
MB 1 RA F A 4B206A2E0D - 
MB 1 RA F A 4B22033D26 + 
MB 1 RA M A 4665173F2D + 
MB 1 RA M A 4B08002B0B - 
MB 1 RA M A 4B1F194145 - 
MB 1 RA M J 4B0A0A0B4F - 
MB 1 RA F SA 4A0B6F4700 - 
MB 1 RA F SA 4B1F51444A - 
MB 1 RA M SA 4B083B4F34 - 
OF 0 RA F A 4B212C4837 - 
OF 0 RA F A 4B21561E34 - 
OF 0 RA M A 4B1E355C6C + 
OF 0 RA M A 4B1F250879 - 
OF 0 RA M J 46662E4049 + 
OF 0 RA M J 467D692C4E + 
OF 0 RA F SA 4B207A5700 - 
OF 0 RA M SA 4B0A1C7E75 - 
VC 1 RA F A 4678506148 + 
VC 1 RA F A 466906273B - 
VC 1 RA F A 4678614D78 - 
VC 1 RA F A 467876163D + 
VC 1 RA F A 46792B5E24 + 
VC 1 RA F A 467D567A34 + 
VC 1 RA F A 4A0B4D0313 - 
VC 1 RA F A 4B077D3C68 - 
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VC 1 RA F A 4B08294F3F + 
VC 1 RA F A 4B08463B7F + 
VC 1 RA F A 4B084F263D + 
VC 1 RA F A 4B0852542E - 
VC 1 RA F A 4B09700609 - 
VC 1 RA F A 4B1E394D6A + 
VC 1 RA F A 4B1F431A2E - 
VC 1 RA F A 4B203B0C23 - 
VC 1 RA F A 4B206A5F2A - 
VC 1 RA F A 4B2177417B + 
VC 1 RA F A 4B2200343D - 
VC 1 RA F A 4B220B696C + 
VC 1 RA F A 4B22176D41 + 
VC 1 RA M A 466A5D4E1E + 
VC 1 RA M A 467D5D3F50 - 
VC 1 RA M A 4B077D0744 + 
VC 1 RA M A 4B0800526A + 
VC 1 RA M A 4B097A571D + 
VC 1 RA M A 4B1E15072D + 
VC 1 RA M A 4B1E2D6B27 - 
VC 1 RA M A 4B1F284413 - 
VC 1 RA M A 4B20333F1E - 
VC 1 RA M A 4B22042E30 + 
VC 1 RA M A 4B2205727F - 
VC 1 RA F J 466454152A - 
VC 1 RA F J 4679004F4A - 
VC 1 RA F J 467D502727 - 
VC 1 RA F J 467D536E48 + 
VC 1 RA F J 467D6F1A76 - 
VC 1 RA F J 4B02571E40 - 
VC 1 RA F J 4B0774665E - 
VC 1 RA F J 4B08271358 - 
VC 1 RA F J 4B082D336B - 
VC 1 RA F J 4B08477F08 - 
VC 1 RA F J 4B0A1C5C42 - 
VC 1 RA F J 4B216A4B2A - 
VC 1 RA M J 4661596905 - 
VC 1 RA M J 4679294055 - 
VC 1 RA M J 465E6E6B25 - 
VC 1 RA M J 466162745B - 
VC 1 RA M J 466477146D - 
VC 1 RA M J 466A04274F - 
VC 1 RA M J 466A457030 - 
VC 1 RA M J 46772F5E09 - 
VC 1 RA M J 467D3D0F5B - 
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VC 1 RA M J 467D562A33 + 
VC 1 RA M J 467D5D4569 - 
VC 1 RA M J 467D710727 - 
VC 1 RA M J 467D712433 - 
VC 1 RA M J 4A73120942 - 
VC 1 RA M J 4B07743F3C - 
VC 1 RA M J 4B080B1966 - 
VC 1 RA M J 4B082B5554 - 
VC 1 RA M J 4B08332448 - 
VC 1 RA M J 4B08405E57 - 
VC 1 RA M J 4B084C101D - 
VC 1 RA M J 4B084E6E16 - 
VC 1 RA M J 4B08524A38 + 
VC 1 RA M J 4B08541F6D - 
VC 1 RA M J 4B09570C13 - 
VC 1 RA M J 4B095B0D6B - 
VC 1 RA M J 4B097B0D7C + 
VC 1 RA M J 4B0A06387E - 
VC 1 RA M J 4B0A140B1F - 
VC 1 RA M J 4B0A146A46 - 
VC 1 RA M J 4B0A146B65 - 
VC 1 RA M J 4B0A150D25 - 
VC 1 RA M J 4B1E074171 - 
VC 1 RA M J 4B1F5B664D - 
VC 1 RA M J 4B20477F71 - 
VC 1 RA M J 4B206E5B3C - 
VC 1 RA M J 4B22033C05 - 
VC 1 RA M J 4B22067D47 - 
VC 1 RA M J 4B22093550 - 
VC 1 RA F SA 4B1F554A2E + 
VC 1 RA F SA 4B20332431 - 
VC 1 RA M SA 4A0B4F7821 - 
VC 1 RA M SA 4B051A4E26 - 
VC 1 RA M SA 4B1F1A2E07 - 
YF 0 RA F A 4669796C21 - 
YF 0 RA F A 4A0B1E2C25 - 
YF 0 RA F A 4B1E072D57 + 
YF 0 RA M A 467D536D5F + 
YF 0 RA M J 465F743B1A - 
YF 0 RA M J 4A0B2A0623 - 
YF 0 RA F SA 46786C1576 - 
YF 0 RA M SA 46783F4870 - 
LYF 0 RB M J 4B1F310445 - 
MB 1 RB F A 4B1F586B41 + 
YF 0 RB F A 4B1F16392F - 
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DF 1 SK M SA 4A0B016B15 + 
DF 1 TSQ F A 4B21026059 - 
DF 1 WFM F A 2009 + 
DF 1 WFM F A 2063 - 
DF 1 WFM F A 2120 - 
DF 1 WFM F A 2122 - 
DF 1 WFM F A 2128 - 
DF 1 WFM F A 2129 - 
DF 1 WFM F A 2130 - 
DF 1 WFM F A 2134 - 
DF 1 WFM F A 2136 - 
DF 1 WFM M A 2007 + 
DF 1 WFM M A 2008 + 
DF 1 WFM M A 2062 - 
DF 1 WFM M A 2064 - 
DF 1 WFM M A 2067 - 
DF 1 WFM M A 2121 - 
DF 1 WFM M A 2126 - 
DF 1 WFM M A 2127 - 
DF 1 WFM M A 2131 - 
DF 1 WFM M A 2132 - 
DF 1 WFM M A 2133 - 
DF 1 WFM M A 2135 - 
DF 1 WFM F SA 2058 - 
DF 1 WFM F SA 2059 + 
DF 1 WFM F SA 2060 - 
DF 1 WFM F SA 2066 - 
DF 1 WFM F SA 2068 - 
DF 1 WFM F SA 2069 - 
DF 1 WFM M SA 2061 - 
DF 1 WFM M SA 2065 - 
DF 1 WFM F A 2123 - 
FP 0 WFM F A 2030 - 
FP 0 WFM F A 2031 - 
FP 0 WFM F A 2032 - 
FP 0 WFM F A 2034 - 
FP 0 WFM F A 2153 - 
FP 0 WFM F A 2180 - 
FP 0 WFM F A 2181 + 
FP 0 WFM F A 2182 - 
FP 0 WFM M A 2015 - 
FP 0 WFM M A 2028 - 
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FP 0 WFM M A 2033 - 
FP 0 WFM M A 2172 - 
FP 0 WFM M A 2173 - 
FP 0 WFM M A 2175 - 
FP 0 WFM M A 2177 - 
FP 0 WFM M A 2179 - 
FP 0 WFM M A 2183 - 
FP 0 WFM F SA 2016 - 
FP 0 WFM F SA 2027 - 
FP 0 WFM F SA 2174 - 
FP 0 WFM M SA 2017 - 
FP 0 WFM M SA 2029 - 
FP 0 WFM M SA 2178 - 
GBH 1 WFM F A 2054 - 
GBH 1 WFM F A 2104 - 
GBH 1 WFM F A 2116 - 
GBH 1 WFM M A 2048 - 
GBH 1 WFM M A 2050 - 
GBH 1 WFM M A 2053 - 
GBH 1 WFM M A 2106 - 
GBH 1 WFM M A 2101 - 
GBH 1 WFM M A 2108 - 
GBH 1 WFM M A 2109 - 
GBH 1 WFM M A 2190 - 
GBH 1 WFM M A 2191 - 
GBH 1 WFM M A 2192 - 
GBH 1 WFM M A 2193 - 
GBH 1 WFM M A 2194 - 
GBH 1 WFM M J 2110 - 
GBH 1 WFM F SA 2098 - 
GBH 1 WFM F SA 2102 - 
GBH 1 WFM F SA 2107 - 
GBH 1 WFM F SA 2113 - 
GBH 1 WFM F SA 2119 - 
GBH 1 WFM M SA 2049 - 
GBH 1 WFM M SA 2051 - 
GBH 1 WFM M SA 2052 - 
GBH 1 WFM M SA 2056 - 
GBH 1 WFM M SA 2103 - 
GBH 1 WFM M SA 2106 - 
GBH 1 WFM M SA 2111 - 
GBH 1 WFM M SA 2112 - 
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GBH 1 WFM M SA 2114 - 
GBH 1 WFM M SA 2117 - 
LYF 0 WFM F A 2014 - 
LYF 0 WFM F A 2020 - 
LYF 0 WFM F A 2024 - 
LYF 0 WFM F A 2087 - 
LYF 0 WFM F A 2259 - 
LYF 0 WFM M A 2022 - 
LYF 0 WFM M A 2096 - 
LYF 0 WFM M A 2025 - 
LYF 0 WFM M A 2090 - 
LYF 0 WFM M A 2091 - 
LYF 0 WFM M A 2253 - 
LYF 0 WFM M A 2255 - 
LYF 0 WFM M A 2257 - 
LYF 0 WFM M A 2258 - 
LYF 0 WFM M A 2273 - 
LYF 0 WFM M J 2021 - 
LYF 0 WFM M J 2256 - 
LYF 0 WFM F SA 2088 - 
LYF 0 WFM F SA 2099 - 
LYF 0 WFM F SA 2252 - 
LYF 0 WFM M SA 2013 - 
LYF 0 WFM M SA 2085 - 
LYF 0 WFM M SA 2086 - 
LYF 0 WFM M SA 2089 - 
LYF 0 WFM M SA 2092 - 
LYF 0 WFM M SA 2100 - 
LYF 0 WFM M SA 2251 - 
LYF 0 WFM M SA 2254 - 
LYF 0 WFM M SA 2019 - 
MB 1 WFM F A 2039 - 
MB 1 WFM F A 2078 - 
MB 1 WFM F A 2158 - 
MB 1 WFM F A 2171 + 
MB 1 WFM M A 2036 - 
MB 1 WFM M A 2042 - 
MB 1 WFM M A 2045 - 
MB 1 WFM M A 2076 - 
MB 1 WFM M A 2077 - 
MB 1 WFM M A 2140 - 
MB 1 WFM M A 2154 - 
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MB 1 WFM M A 2156 + 
MB 1 WFM M A 2157 - 
MB 1 WFM M A 2159 - 
MB 1 WFM M A 2160 - 
MB 1 WFM F J 2041 - 
MB 1 WFM F J 2046 - 
MB 1 WFM F J 2047 + 
MB 1 WFM F J 2081 - 
MB 1 WFM M J 2079 - 
MB 1 WFM M J 2080 - 
MB 1 WFM F SA 2083 - 
MB 1 WFM F SA 2084 - 
MB 1 WFM F SA 2170 - 
MB 1 WFM M SA 2035 - 
MB 1 WFM M SA 2037 + 
MB 1 WFM M SA 2043 - 
MB 1 WFM M SA 2044 - 
MB 1 WFM M SA 2074 - 
MB 1 WFM M SA 2075 - 
MB 1 WFM M SA 2082 - 
OF 0 WFM F A 654 - 
OF 0 WFM F A 706 - 
OF 0 WFM F A 1333 - 
OF 0 WFM F A 1337 + 
OF 0 WFM F A 1361 - 
OF 0 WFM F A 1382 - 
OF 0 WFM F A 2151 - 
OF 0 WFM F A 2167 - 
OF 0 WFM F A 2169 - 
OF 0 WFM M A 704 - 
OF 0 WFM M A 1134 - 
OF 0 WFM M A 1322 - 
OF 0 WFM M A 1336 - 
OF 0 WFM M A 1369 - 
OF 0 WFM M A 2144 - 
OF 0 WFM M A 2145 - 
OF 0 WFM M A 2148 - 
OF 0 WFM M A 2150 - 
OF 0 WFM M A 2166 - 
OF 0 WFM F J 1136 - 
OF 0 WFM F J 1330 - 
OF 0 WFM F J 2142 - 
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OF 0 WFM M J 1334 - 
OF 0 WFM M J 1338 - 
OF 0 WFM M J 2143 - 
OF 0 WFM F SA 1331 - 
OF 0 WFM M SA 705 - 
OF 0 WFM M SA 999 - 
OF 0 WFM M SA 1135 - 
OF 0 WFM M SA 1332 - 
OF 0 WFM M SA 1335 - 
OF 0 WFM M SA 2149 - 
OF 0 WFM M SA 2168 - 
VC 1 WFM F A 2162 - 
VC 1 WFM F A 2176 - 
VC 1 WFM F A 2260 - 
VC 1 WFM F A 2262 - 
VC 1 WFM F A 2272 - 
VC 1 WFM F A 2275 - 
VC 1 WFM M A 2141 - 
VC 1 WFM M A 2161 - 
VC 1 WFM M A 2163 - 
VC 1 WFM M A 2164 - 
VC 1 WFM M A 2165 + 
VC 1 WFM M A 2196 - 
VC 1 WFM M A 2198 - 
VC 1 WFM M A 2199 - 
VC 1 WFM M A 2261 - 
VC 1 WFM M A 2263 - 
VC 1 WFM M A 2274 - 
VC 1 WFM F SA 2200 - 
VC 1 WFM M SA 2057 - 
VC 1 WFM M SA 2195 - 
VC 1 WFM M SA 2197 - 
YF 0 WFM F A 714 - 
YF 0 WFM F A 1274 - 
YF 0 WFM F A 2011 - 
YF 0 WFM F A 2094 - 
YF 0 WFM M A 715 - 
YF 0 WFM M A 864 - 
YF 0 WFM M A 951 - 
YF 0 WFM M A 1270 - 
YF 0 WFM M A 1273 - 
YF 0 WFM M A 1275 + 
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YF 0 WFM M A 1383 + 
YF 0 WFM M A 2072 - 
YF 0 WFM F J 2070 - 
YF 0 WFM F SA 1272 - 
YF 0 WFM F SA 2010 - 
YF 0 WFM F SA 2097 - 
YF 0 WFM M SA 2001 - 
YF 0 WFM M SA 2071 - 
YF 0 WFM M SA 2073 - 
YF 0 WFM M SA 2093 - 
YF 0 WFM M SA 2095 - 
MB 1 MJM F A 2040 - 
a
DF: Diversified Farm; VC: Visitor Center; GBH: Gingerbread House; MB: Music Barn; YF: 
Young Forest; LYF: Lower Young Forest; OF: Old Forest; FP: Flood Plain 
b
Location:  0 = Forest; 1 = Building 
c
FC: Feral cat; RA: Raccoon; OP: Opossum; SK: Skunk; LTW: Long-tailed weasel; GH: Ground 
hog; FSQ: Fox squirrel; GSQ: Grey squirrel; TSQ: Thirteen-lined ground squirrel; CH: 
Chipmunk; RB: Rabbit; WFM: White-footed mouse; MJM: Meadow-jumping mouse 
d
Sex: M = Male; F = Female 
e
Age: A = Adult; SA = Subadult; J = Juvenile                                                                               
f
PIT tag number or ear tag number 
g

























APPENDIX C: SCENT STATION DATA  
Total number of individual species visits to each scent station. 
a
DF: Diversified Farm; VC: Visitor Center; GBH: Gingerbread House; MB: Music Barn; YF: Young Forest; LYF: Lower Young 












2008     Number of Animal Visits 
Sitea Location Map 
Code 




Raccoon Opossum Coyote Fox Squirrel Deer Dog Rabbit Other 
DF Building 1 1 60 4 11 7 0 0 6 5 4 0 0 
   2 61 5 20 4 0 0 7 1 5 1 0 
VC Building 2 1 74 12 28 14 0 0 7 3 0 0 0 
   2 74 7 26 12 0 0 3 2 3 3 0 
GBH Building 3 1 64 1 12 5 0 0 11 1 12 0 0 
   2 53 1 19 12 0 0 3 1 4 0 1b 
MB Building 4 1 67 6 17 7 0 0 10 1 1 6 0 
   2 68 3 13 13 0 1 7 2 6 3 0 
YF Forest A 1 57 5 14 7 0 0 6 2 3 2 0 
   2 66 0 16 8 0 0 22 1 1 2 1c 
LYF Forest B 1 63 3 17 8 0 3 5 2 2 0 0 
   2 51 2 13 2 0 0 8 2 1 0 0 
OF Forest C 1 49 1 14 11 0 2 3 0 2 0 0 
   2 53 1 14 13 0 0 10 0 0 0 0 
FP Forest D 1 43 2 15 2 0 2 4 0 0 2 0 
   2 45 0 14 7 0 1 5 1 0 1 0 
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a
DF: Diversified Farm; VC: Visitor Center; GBH: Gingerbread House; MB: Music Barn; YF: Young Forest; LYF: Lower Young 








2009a     Number of Animal Visits 
Site Location Map 
Code 




Raccoon Opossum Coyote Fox Squirrel Deer Dog Rabbit Other 
DF Building 1 1 65 0 38 7 0 0 6 0 0 1 0 
   2 58 0 25 4 0 0 4 0 0 0 0 
VC Building 2 1 69 9 41 8 0 0 3 0 0 0 0 
   2 63 0 35 6 0 0 2 0 0 0 0 
GBH Building 3 1 69 0 17 11 0 0 7 2 7 2 3d 
   2 60 2 9 2 0 0 7 2 5 1 1d 
MB Building 4 1 59 1 11 7 0 0 2 2 0 2 0 
   2 66 0 16 16 0 0 4 1 1 0 3d 
YF Forest A 1 64 0 7 11 0 0 13 3 0 1 1d 
   2 64 1 19 13 1 0 2 0 0 0 0 
LYF Forest B 1 41 0 7 3 0 0 1 1 0 0 0 
   2 56 0 8 3 2 0 0 1 0 0 0 
OF Forest C 1 65 0 17 8 2 0 5 5 0 0 0 
   2 57 0 18 5 0 0 3 2 0 0 0 
FP Forest D 1 59 1 17 5 0 0 11 0 0 0 0 
   2 58 0 11 0 0 0 9 4 0 0 0 
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APPENDIX D: CAMERA DATA  
Total number of animals in pictures by species at each site.  
Date Site
a 
Raccoon Opossum Squirrel Bird CH
b 
Rabbit Deer Cat Coyote Dog Mice Unknown
c 
6/26/2008 VC1 0 0 0 0 0 0 0 0 0 0 0 1 
6/27/2008 DF1 2 in 3
d 
0 0 0 0 0 3 in 8 0 0 0 0 2 
7/7/2008 VC2 17 in 13 0 0 0 0 0 0 0 0 0 0 17 
7/7/2008 MB1 18 in 15 0 0 0 0 0 0 0 0 0 0 18 
7/17/2008 GB1 0 0 0 0 0 0 0 0 0 0 0 0 
7/25/2008 VC2 0 3 in 3 0 0 0 0 0 0 0 0 0 7 
8/15/2008 FP1 0 0 1 in 2 0 0 0 0 0 0 0 0 8 
9/15/2008 GB2 0 2 in 2 0 0 0 0 1 in 1 0 0 0 1 in 1 8 
10/1/2008 OF2 0 1 in 1 3 in 3 0 0 0 0 0 0 0 0 4 
10/1/2008 LYF2 2 in 3 1 in 1 29 in 53 1 in 1 0 0 0 1 in 1 0 0 0 9 
10/1/2008 MB2 2 in 2 1 in 1 4 in 4 0 0 0 0 0 0 0 0 2 
10/13/2008 MB2 3 in 3 1 in 1 4 in 4 0 0 3 in 4 0 0 0 0 0 4 
10/13/2008 VC1 14 in 14 9 in 10 8 in 14 3 in 6 0 0 1 in 2 0 0 0 0 8 
10/24/2008 VC2 6 in 7 0 3 in 4 2 in 3 0 8 in 20 0 2 in 2 0 0 0 10 
10/24/2008 YF1 0 0 3 in 3 0 0 2 in 2 1 in 1 0 0 0 0 2 
10/31/2008 YF1 1 in 1 0 1 in 1 0 0 0 0 0 0 0 0 1 
12/17/2008 MB2 0 0 0 1 in 1 0 0 1 in 1 0 0 0 0 8 
12/17/2008 YF1 0 0 2 in 3 0 0 0 0 0 0 0 0 3 
3/17/2009 VC2 1 in 1 0 1 in 2 1 in 2 0 5 in 8 0 0 0 0 0 1 
3/23/2009 MB2 0 0 1 in 2 2 in 4 0 2 in 3 0 0 0 0 0 0 
3/23/2009 YF1 0 0 0 6 in 6 0 1 in 1 0 0 0 0 0 0 
3/30/2009 GB2 1 in 2 0 1 in 2 3 in 6 0 0 0 0 0 0 0 16 
3/30/2009 LYF1 2 in 2 0 1 in 2 0 0 0 2 in 4 0 1 in 1 0 0 8 
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 Raccoon Opossum Squirrel Bird CH
b 
Rabbit Deer Cat Coyote Dog Mice Unknown
c
 
4/2/2009 GB1 0 0 0 0 0 0 0 0 0 0 0 0 
4/3/2009 DF2 0 0 0 1 in 1 0 0 0 0 0 0 0 5 
4/6/2009 MB2 0 0 0 0 0 0 0 0 0 0 0 1 
4/6/2009 OF1 1 in 1 2 in 4 1 in 2 1 in 2 0 0 1 in 4 0 0 0 0 0 
4/14/2009 FP2 8 in 8 0 3 in 6 0 0 0 4 in 4 0 0 0 0 1 
4/17/2009 DF2 0 0 3 in 3 0 0 0 0 0 0 0 0 1 
4/22/2009 VC2 3 in 4 6 in 6 0 12 in 15 0 11 in 11 0 0 0 0 0 1 
4/27/2009 YF2 0 0 2 in 4 1 in 2
e
  0 1 in 1 0 0 0 0 0 1 
5/11/2009 VC1 20 in 21 3 in 4 1 in 2 3 in 5 0 17 in 33 1 in 2 1 in 1 0 0 0 7 
5/28/2009 DF2 1 in 1 0 1 in 2 0 0 0 0 0 0 0 0 4 
5/29/2009 GB1 0 0 0 0 0 0 0 0 0 0 0 1 
5/29/2009 MB2 0 0 0 2 in 2 1 in 1 0 0 0 0 0 0 0 
6/3/2009 VC2 2 in 2 1 in 1 0 1 in 1 0 0 0 0 0 0 0 0 
6/5/2009 LYF1 0 0 0 0 0 0 2 in 2 0 0 0 0 0 
6/9/2009 OF2 0 0 0 0 0 0 0 0 0 0 0 0 
7/6/2009 VC1 7 in 6 1 in 1 1 in 1 8 in 9 0 1 in 1 0 0 0 0 0 4 
7/14/2009 LYF2 0 0 0 0 0 0 0 0 0 0 0 2 
7/14/2009 FP1 3 in 2 0 0 2 in 2 0 0 0 0 0 0 0 4 
7/14/2009 MB1 1 in 1 0 0 0 0 0 0 0 0 0 0 0 
7/23/2009 DF1 7 in 8 0 0 0 0 0 0 0 0 0 0 8 
7/23/2009 OF1 4 in 5 2 in 4 1 in 1 0 0 0 0 0 0 0 0 4 
8/3/2009 GB2 0 1 in 1 0 0 0 4 in 6 0 0 0 1 in 1 0 2 
8/3/2009 YF1 0 0 0 0 0 0 0 0 0 0 0 3 
8/14/2009 OF2 0 1 in 1 0 0 0 0 0 0 0 0 0 1 
8/22/2009 DF1 0 0 0 1 in 3 0 0 0 0 0 0 0 0 
8/22/2009 FP2 2 in 2 0 0 0 0 0 0 0 0 0 0 0 
8/22/2009 YF2 3 in 4 1 in 1 1 in 2 0 0 0 0 0 0 0 0 4 
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 Raccoon Opossum Squirrel Bird CH
b 
Rabbit Deer Cat Coyote Dog Mice Unknown
b
 
9/1/2009 GB1 0 0 0 1 in 1 0 0 0 0 0 0 0 0 
9/1/2009 OF2 0 1 in 1 0 0 0 0 0 0 0 0 0 0 
9/1/2009 VC2 0 0 0 10 in 26 0 0 0 0 0 0 0 0 
9/9/2009 DF2 0 0 0 0 0 0 0 0 0 0 0 0 
9/9/2009 MB2 0 1 in 1 0 0 0 0 0 0 0 0 0 0 
9/14/2009 FP1 0 0 3 in 8 0 0 0 0 0 0 0 0 0 
9/14/2009 VC1 3 in 3 8 in 10 2 in 2 14 in 14 0 3 in 3 0 0 0 0 0 3 
9/17/2009 GB2 0 0 0 0 0 0 0 0 0 0 0 0 
9/23/2009 MB2 1 in 1 2 in 2 4 in 4 0 0 1 in 1 0 0 0 0 0 1 
9/24/2009 MB1 0 0 0 0 0 0 0 0 0 0 0 0 
10/5/2009 VC1 14 in 11 2 in 3 5 in 10 1 in 2 0 5 in 7 0 0 0 0 0 3 
a
DF: Diversified Farm; VC: Visitor Center; GBH: Gingerbread House; MB: Music Barn; YF: Young Forest; LYF: Lower Young 




Unknown was considered any picture that had evidence of an animal but the animal was not identifiable. 
d
Number of animals counted in total number of pictures and animals were only counted in pictures taken more than 10 minutes apart. 
(i.e. 3 in 2 – three animals counted in 2 pictures) 
e
Turkey 
 
 
 
 
